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On mechanical response in a piezoelectric plate characte- 
rized by a diffusion and subjected to a prescribed 
polarization gradient 
AlOK CHAKRABAJaTY 

De.pariment of Physics, S. A. Jaipuria College, Calcutta-^ 

{Receimd 10 March 1969~i?em&Tf? 26 March 1970) 

Tho papfil IB ooncorned with the mechanical reeponfio in a piezoelectric plate transducer 
under constant voltage input across it; the plate being characterized by a prescriljed diffu- 
sion and subjected to an exponentially decaying polarization gradient. 

Introduction 

Tlio studies of piozoolectrio transducer froju tho point of view of mochanies of 
continuous media are largely diu‘- to Redtvood (1961), Mason (1950), Filipczynski 
(1956), Sinha (1963, 1965 and 1967). Giri (1966), Das (1967), Chakrabarty (1968, 
1969) and others. This article is a similar attempt seeking to investigate tho 
mechanical response duo to a constant voltage infiut under a proscribed diffusion 
and characterised by an exponentially decaying polarization gradient. The 
anatysis presented here conforms to tho line of investigation undertaken by the 
above-mentioned authors. It has been found that tho method of Laplace trans- 
form facilitates the solution of the problem. 

Problem, Fundamental Equation and Boundary Condition 

Le t a: — 0 and j: = -X bo tho extremities of a piezoelectric plate in the direction 
of its thickness (taken as tho X-axis), excited by a constant voltage <j>Q at its ends. 
The bransducor is characterised by an exponentially decaying polarization gradient. 
Let there bo a cavity excited by afield defined b}^ ^((), k being a constant 

and S{t) is tho well Itnown Dirac’s Delta function. The plate is taken as rigidly 
backed at a; — X. 

The equations of state for the plate, (Redwood 1961) are 

= ( 1 ) 

whore = stress, = average stiffness co-efficient, { — mechanical deforma- 
tion at any point x, — piezoelectric constant, = polarization vector and 
= doloctric susceptibility. 
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In accordance with our assumption, we Iiave 


dx 




( 3 ) 


so that hy suitable choicjo 

(4) 

wliortj Pq is a constant and r is a decaying factor. Thi.s assumption is justilied 
by experimental facts (Swann, 1950). 

Eliminating from (1) and (2) wo have 


T 



( 5 ) 


whore a — 

Differentiating (5) and using (4) we get 


dT, 

dx 


dx^ k 


(G) 


Using (6) with Newton’s equation 

dH _ (IT I 
^ dl^ dx 


= «-**. S(t) 


we have 


P gi2 “ « ■ 


dx^ 


”• m 


( 7 ) 


Equation (7) constitutes the fundamental equation of the problem. 

The boundary conditions are that both the displacement and force are conti- 
nuous at the end a; = 0 of the transducer. Also the transducer being rigidly 
backed at a; = X, the mechanical displacement at a; = X must be zero. 


Solution of the Problem 
Taking Laplace transform (7) of parameter s{8 > 0) 

whe have ^ = Lf . J[ 1 

dx'^ a at ‘ s+r J 

Solving (8) we get 
I = 

* 11 /). «*(«+r) ^/){a»— (*!))“} 


... ( 8 ) 

... ( 0 ) 



On mechanical response in a piezoelectric plate 3 

where A ajid B are constants of integration and = a/p, and it is assumed that f (0) 

= 0 , m = 0 , 

To evaluate A and B from the boundary conditions, we attach two mechanical 
systems 1 and 2 as assumed by Redwood (1961) to the extremities a; = 0 and 
a; = X. We denote the corresponding entities, A^, and A 2 , B^ by the symbols 
1 and 2, respectively. In that case, since the transducer is rigidly backed, 


A 2 = B 2 — 0 and = 0 
Also continuity of displacement at sc = 0, gives 
1(0) = 1,(0) 


A+B-^0 


■ 


1 


where 


f,(*) = B,e”* 


B, 


(10) 


... ( 11 ) 


( 12 ) 


Again for a rigidly backed transducer f (X) — 0. 


Hence 


1 




-kx 


KiP * p{8^—(hv)^} 

Using (1), (3) and the relation we have 

Ti = Cii||+eii ^ +4wei,P,a:e->-‘ 


= 0 


(13) 


(14) 


whore , Y is length of the transducer along T-axis, Z its length 

along Z-axis, and is the charge. 

Taking Laplace transform of (14) and using (9) we have 

f,(0) = o,,[-i-4 + -iB-l._^,]+e,,«^. ... (15) 

If T stands for the stress for the medium towards the left of the transducer {i.e., 
at aj = 0) then from (12) 

T = ?^B,e' ... (16) 

V 

c being a similar constant as Cn. 

m=f^i 


Hence 


... (17) 
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F’or continuity of wtross at x — 0, wo have from (15) and (17) 


4 . , ,s „/e 1 


4 -''^+ " 

L V V 


+«n = 


p ■ s^~{kvY^ J ' “ yz V 


F^-(l/^,-Fo)- J Edx 
0 

^ J (/l^'-47rPi)(2j; 


Hence. ^ jr+ ... (19) 

ainuo tlio voltago across tlio transduror is given by 

Substituting tlio value of 2?^ from (11) m (18) and then olimiuating <2ii from (IS) 
and (19) wo got a relation connecting A and B. Using this relation along w'itli 
(IH) wo got the values of A and B. Tiie values of A and B aro given by the fol- 
lowing expressions 


¥Lf . an<l 


“A' ^ " A' 

-Ue 




... (20) 


^ ^2 — “ ~ ^ii) 


Z. ^ f T ^ I . ^'11^0^ 1 ? 1 

^ [pv /o ! a{cS'^ — V ,y“(,v \ r) pv ' s^—lc^v- 

I 'b]0o_ 

A“ eS'(.v+r) 


m = — ^ I •' _ 

l^^p s2(,s--f r) p{si~{kvy-} 

Sulistituting the values of A and B in (9) we liavc 

( _£.jfv djj. / —Ajf \— *Y 

" je '' + ( ijC » -iimaje 

^ ■ X — *~x 

—Le " 


■f[W3]j;-„a. (20B) 


It is simple to detect that | — 0 when x — X, TJiis must be the case, since 
the transdueor is rigidly hacked at x — X, 
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The inversion, being too complicatod, wo find it for a particular value of x, 
say X/2. This is to be done by the methods of approximation. Wo restrict 
to approximation followed by Redwood (1961) and find 


3»jr 


SsX 




(21) 

tl f X- 2 


Substituting for and Wg and taking inverse transform we have 


t _ ^ 




r \ 2v ) r2^r2 J 

( -f i {i -.-o* {i (.-if ) 


1 , 1 
,ra ^ 






sinh kv 


pv kv 

3. 


(«--) 

— +en(»o(«- ) 




sinh kv 
kv 


(>-i) 


— H-er 




I *11^0 

kiiP 


lit 

r r ^1 


— sinh 
pkv 


(*’'('-1)1 


iiPn fl 1,1 ,.*1,6 2. 

\- t--- <?“»'* j— Si: 

\ r r- J pAv 




^nP 


sinh kvt 


(22A) 
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1 


-S}] 


hiP 

j-Hl-VV"'*"®]- 







hyyp 

r -1 

i*. er>‘ +® -^-sinhfaie 
j* J plcv 

(22B) 

for 

2v 2v 



and 



sinhte- 

hiP 


[■/ 


-A+i e-r' 


(22C) 


for 



Relations (22A) (22B) and (22C) gives the expression for the mechanical res- 

ponso at a; = - . This shows that tlie mechanical response is partly constant, 

partly linear and it partly decays exponentially with time. It also varies as 
hypoi'holic sine function of time. 

Displacement of the Surface at a; = 0 

When X — 0, equation (20B) takes the form 

((Ui3~Zae (?3C 

^■“=0 ~ ^ TZ +[»»3]x’-o 


Following the same approximations, we have 


ia!-o ^7 — -^ 3 ,^ ~-i- ^3+y— . ^36 ** H~[w«^3]x-o 

ly ly 

After taking inverse transform we get 


-2 i-X 
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i- r f 

/ Cjj^k c \ 1 / J 

co.sli kvt 1 

r J J 

li L 

\ p pv: A®?;® \ 

/ 


+ {f •-^+y “ } - “>■ ) ] 

’HI 


h_rh 

I, 


pkv^ 

I L kiiP V. »’ \ V / ) pkv 


I \ I \ I i g-r« 1 I 1 

fell/) L r J ~ pA:?; 


sinh kvt 


for t > 


2 A" 1 

V J 


... (23A) 


and 


f- - H H ■ » “ ■ (t' -i- + s ■- ) 


for 

ajrid 


V V 


”^V *wJ+e,i^„«-27rPoeiiia^L -L e-f' ) ] 

_euPJ J 1 ^ 1 e-K] 4 . 1 sinh kvt for «< ? ... (23C) 

hy^p L r r® ^ r’* J ' pkv v. 

Evidently the response omitted by the transducer is by and large similar to 

the one discussed earlier at the point a? == ^ * 

The response is evidently zero at ^ = 0 . 
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Discussion 

It is clear from each of the above expressions that the mechanical response 
of the transducer owing to prescribed electric ex(;itations is dominated by the 
decay factor in the polarization gradient, whatever bo the range of time. More- 
t)Vor, for a large decay factor the responses do not exhibit the transient charac- 
teristics and remain uninfluenced by the polarization constant. In the general 
case, it is obvious from above, the effects due to the prescribed polarization are not 
coupled with those due to proscribed diffusion Further, while the proscribed 
polarization gradient accentuates the damping part of the response, the diffusion 
does not nocossairly do so, for largo values of r and h. 

All those facts bring out some of the physical aspects of the vibration of the 
transducer Avhich will hold with or without numerical calculations. 
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On the assignment of vibration frequencies of 
ortho-, meta- and para-cresols 
By J. Jha AiSD S Ohattopadhyay 
Optics Department, Indian Association for the Cultivation of Science, 

Calcutta-^2 

{Received 26, May 1969; revised 10 December, 1969) 

Tho asaignment of vibration froquenciea of three isomeric cresols in tho region 200-700 
cm~^ has boon made. Some of the inconsistencios in the vibrational assignments of the 
frequencies between 700-1680 cm~^ for all the three molecules made by previous workers 
have been pointed out and suitable alternative assigmnentsfor them have boom proposed. 

Introdttotion 

The Raman spectra of ortho-, mota- and para-cresols in tho liquid state have been 
investigated by several workers (Kolilrausch & Pongratz 1933, Magat 1936, 
Biswas 1955) and a partial assignment of the Raman frequencies is given in tho 
literature (Mecke-Korkliof 1951) Later, the infrared absorption spectra of para- 
cresol and a large number of para -di -substituted benzene compounds in the fre- 
quency interval 650 cm“^-] 650 em~^ wore studied by Garrigou-Lagrange et al. 
(1958), who also made assignments of tho observed vibration frequencies. Recently, 
sijnilar investigations in the ease of ortho- and meta- disubstituted benzenes 
including ortho- and meta-cresols liavo been caniod out respectively by Brigodiot 
& Lobas (1965) and by Garrigou-Lagrango et al (1966). In view of the facts 
that some of tho vibrational assignments of para-cresol proposed by Garrigou- 
Lagrange et al, (1958) are inconsistent with the states of polarisation of the Raman 
lines and strengths of tho infrared absorption bands corresponding to the proposed 
moaes of vibration and that assignments of vibrational frequencies below 500 cm*^ 
for all tho throe isomers and especially for ortho-cresol have not been made earlier, 
it was thought worthwhile to attempt complete assignments of all the vibration 
frequencies of the three isomeric molecules observed in Raman scattering and 
in infrared absoi’ption. For this purpose tho Raman spectra of tho three com- 
pounds in liquid state and the infrared absorption spectra of the pure liquids 
and their solutions in suitable solvents have boon reinvestigated. A discussion 
of the results obtained is presented in this paper. 

Exfibimentai/ 

Chemically pure samples of ortho-, meta- and para-cresols obtained from 
E. Merck (Germany) were subjected to fractional distillation and the proper 
fractions were distilled under reduced prossui’e. The distilled liquids were 
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clohydraicd Loforc uso. Guaranteed reagent quality carbon tctrocblorido and 
fdiloroldriii wore properly di^liydratod and used aB aolvejitB for uifrarod absorption 
studies Tlie Kainaii spectra of tlio pure liquids, tlio states of polarisation of the 
E/ainajt lijies, and tlie inlrarod absorption spectra of the pure coini^ounds in the 
licpiid state and in solutions were studied by methods described earlier (Chatto- 
padliyay & Jha, 19G8). All the Raman spectra were recorded on a Fuoss glass 
spectrograph having a dispersion of 13 A/mm and 19iA/mm in the Hg 404:'i^^A 
and 435SA regions, respectively, while the infrared absorption siicctra w'^ere studied 
on a Perkin Elmer Model 21 double beam spoetrophotonieter provided w ith rocksalt 
optics. 

Results 

Idle Raman frequency shifts (Av their relative intensities and states 

of polarisation for all the three liquids togetlior wdth tlie positions of the infrared 
absorption bands (u cm“^) and their relatnni strongtlis in the case of the pure 
liquids and theii solutions are given in tables 1, 2 and 3. For any compound 
the Raman sliilts recorded in the table are the averages of all the data available 
in the literature and tlioso obtained in the present investigation. For comparison 
the (lata of the infrared absorption bands reported by previous workers have ^Iso 
been iiujludcd in the tables. The tables contain the assignments of the vibration 
frequencies proposed by the present authors together with those given by previous 
investigators. Since many of the vibrational assignments made by jirf^vious 
workers do not require any modification tlio assignment of only those vibration 
frequencies f<jr which no assignment has been made by previous workers is dis- 
cussckI in the following paragraph Moreover, the inconsistencies in the assign- 
ment of some of the frequencies of vibration publislied in the literature arc pointed 
out and suitable assignments for them have been suggested. Unless otherwise 
stated, the mode numbers of benzene mentioned in the text and in the tables 
are those due to Pitzer & Scott (1943). 
fi) Para-cresol 

From table 1 , it is .seen that for the molecule of para-cresol there are six 
vibration frequencies below 650 cm“i which have not been assigned by Garrigou- 
Lagrapgo ft?. (19i58). However, tlic frequencies 465 cm“^ and 644 cin~^ have 
been assigned by Mecko-Kerkhof (J96I), to modes 6A and 6B respectively, of 
benzene with which the present authors are in agreemont. The very weak Raman 
lino 406 cm“^ observed by Bi.swas (1955) certainly corresponds to mode 16^ 
of benzene, while the weak broad Raman line 282 eiu“^ (Biswas, 1955) may arise 
from the modes 16/? and 18/? oi benzene This assignment has been made on 
the basis of a calculation of the vibrational frequencies of para-xylene and some 
othei para-dilialobenzencs by Schmidt et al (1960) Following the same authors 
the medium intensity broad and dc^.polarised Raman line 338 cm“^ has been assigned 
to the modes 9/? and 10/i. According to Moko-Kcrkliof (1951) this lino originates 
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from a mode involving in-plano bonding motions of IIk*, substitiionts vorj?’ similar 
to that in mode 15 of Stojiljkovic & Whiffon (1958) though contribution from 
modo 10 dno to tlio samo anthors cannot bo entirely ruled o\it. The weak Hainan 
line 510 cm~^ in accordance with the calculation of Schmidt at at. (1960) has been 
assigned to mode 11 of benzene. 

Garrigou-Lagrange et at (1958) have assigned the medium intensity polarised 
Raman line 824 cm“^ having its counterpart in the strong infrared band at 826 cm-^ 
to mode 10.4 of benzene. This mode in symmetry is inactive in the infrared 
absorption and also being an out of plane vibration cannot give rise to a polarised 
Raman line Therefore, the weak Raman line at 809 cm-’^ (Garrigou-Lagrange 
et at 1958) has been assigned to this mode of vibration. The frequency 824 
is believed to correspond to mode 12 of benzene and following Sirkar & Bishui 
(1 968) the strong polarised Raman lino at 844 cm“J is assigned tf) mode 1 of benzene. 

The w eak Raman line at 969 cm~^, for wdiich no corresponding infrared band 
has been observed, is assigned to mode 1 7 A of benzene. This is in keeping with 
the infrared inactive nature of this mode in symmetry though according to 
the calculation of Schmidt et al (1960) this line might also have originated from 
mode 5 of benzene. From the above considerations the assignment of tlio infrared 
bands at 922 cm"^ and 985 cm~^, to modes 5 and 1 7 A respectively, of benzene 
by Garrigou-Lagrange et at (1958) does not seem satisfactory. 

The two polarised Raman linos of medium intensity at 1216 cin"^ and 1 255(“m“^ 
have been assigned by Garrigou-Lagrange et ah (1958) to modes e and e' 
of Kohlrausch All para-snhstituted toluenes show a Raman line with a frequency 
shift of about 1210 cm"^ while in all para-substituted phenols a Raman line at 
about 1255 cm"~' is observed. So it may be coneludod that in the ease of para- 
crosol the line 1216 cm“^ originates from a mode of vibration involving the motion 
of the methyl group and the other line 1253 cm“^ is due to a modo which involves 
tho jnotioii of the hydi’oxyl group. Moreover, in the present case there is no in- 
frared absorption band corresponding to the line 1216 om“^ while a strong infrared 
band 1258 cm-^ corresponding to the Raman line 1253 cm“^ has been observed. 
Those facts indicate that in the modo of vibration giving rise to the former line, 
the displacements of the nulei are symmetrical but in tho latter case some asym- 
metry in tho displacements occurs. It is suggested that these tw'O linos originate 
from modes of vibration similar to the mode q proposed by Randle & Whiffen 
( 1 965) in the case of mono-suhstitu ted benzenes . In one of these modes tho trigonal 
displacements of 1, 3, 6 carbon atoms arc coupled with tho stretching of C-OH, 
bond and in the other similar coupling takes place betw^eon the strt^tebing of the 
G-OH bond and the trigonal mode involving 2, 4, 6 carbon atoms. Those arc 
designated by the symbols q and q', respectively. 

Garrigou-Lagrange et al. (1968) have assigned the infrared band at 1430 cm“^ 
to mode 14 of benzene. Though this is in accordance with the infrared active 
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nature of tlio mode in benzene the frequency is somewhat higher than that of 
benzene. Moreover, it may bo noted that in the case of the two other cresols 
there are weak Raman lines at 1440 cm“^ which are most conveniently assigned 
to asymmetric CH bending mode of the methyl group in these molecules. Ac- 
cordingly, the infrared band 1434 cm-' has been assigned to asymmetric CH 
bending mode in the methyl group and the strong infrared band at 1360 cm-' 
due to the pure liquid has been assigned to mode 14 of benzene. 

In the Raman spectrum of para-crosol, as in the case of two other cresols, 
a medium intensity polarised Raman lino at 2889 cm“'^ has been observed. This 
lias been assigned to symmetric C-H stretching vibration in the methyl group of 
the molecule. The assignments of asymmetric CH stretching vibrations and other 
C-H stretching vibrations of the phenyl ring are shown in table 1 . 

{h) Meta-cresol 

The Raman spectrum of meta-cresol shows four Raman linos with frequency 
shifts below 400 cm"' (table 2) for which no assignment has been made by Gorrigou- 
Lagrango et at (1966). In proposing assignment of these linos we have been guided 
by the calculations of Bogomolov (1962) in the case of meta-xjdono and those 
of Nonnenmacher & Mecke (1961) for meta-derivatives of benzene including 
meta-xyleno and resorcinol These calculations show that the frequency of both 
the modes 1 1 and lOA of benzene are reduced and that the frequency of the latter 
mode is slightly higher than that of the former. Accordingly, the frequencies 
2 1 4 and 241 cm"' have been assigned to mode 11 and lOA, respectively. Moreover, 
Bogomolov (1962) has sho^vn that in the case of meta-xylene the frequencies of 
mode 9 A and 15 of benzene are considerably lowered, but they are higher than 
those corresponding to the modes 11 and KM. With these considerations the 
depolarised Raman linos at 304 cm-' and 565 cm-' are assigned to modes 9.4 
and 15, respectively. 

Garrigou-Lagrange et al (1966) have not given any assignment of the strong 
polarised Raman line at 736 cm-'. It is believed to originate in a vibration similar 
to mode r (Randle & Whiffen 1955) in which both the substituents move with 
the carbon atoms. The trigonal p mode (Randle and Whiffen 1955) evidently, 
gives rise to the very strong polarised Raman line at 1000 cm-'. It may 
be noted that this line has been assigned by Garrigou-Lagrange et al, (1966) to 
mode 1 of benzene. 

The weak Raman line at 850 cm-' and the strong infrared band at 818 cm”' 
are assigned to the modes 6 and 185 of benzene, respectively. The strong infrared 
band at 928 cm-' is believed to arise fi'om mode 175 of benzene while mode 17 j 4 
of benzene gives rise to the weak Raman lino at 966 cm-'. 

In the spectra of meta-cresol there are two vibration frequencies at 1246 cm~' 
and 1280 cm~' of which the former is observed as a strong absorption banddn th© 



13 


On the assignment of vibration frequencies etc. 

infrarod spoctrum of the pure liquid while the latter is found to appear both as 
a weak polarised Raman line and a strong infrared band of about the same frequency 
Garrigou-Lagrango et al. (1966) did not observe the band 1246 cm“^ while 
the band 1281 cm“^ lias been assigned by them to mode e' of Kohfrausch. 
Though the two frequencies in question appeal* to correspond to the frequencies 
1210 and 1253 cm~^ of para-cresol, it is doubtful whether they originate in similar 
modes of vibration in the two molecules, because the modes c and e' of Kohlrausch 
cannot jiossibly occur in the case of meta-cresol. 

Following the mode of assignments in the case of meta-disubstituted benzenes 
by Bogomolov (1962) the frequency 1281 cm“i is assigned to vibration 13 in which 
there is symmetric in-phase stretching of C-CHg and G-OH bonds while the other 
frequency 1 246 cni'^ may be attributed to vibration where such stretching of 
the two bonds takes place in opposite phases. 

Tt can be soon from table 2 that there are two strong absorption bands at 
1495 and 1514 cm“’ in the infrared spectra of meta-cresol in the liquid state and 
and its solution in chloroform Garrigou-Lagrange et al (1966) who also studied 
the infrared absorption spectra of solutions of meta-cresol, observed a number 
of bands between 1460-1520 cm“i and assigned the bands 1460 and 1490 cm~^, 
to modes 19>l and 1971 respectively, of benzene. As these two bands have not 
been observed in the present investigation either in the spectra of the pure liquid 
or of its solutions, this assignment does not seem satisfactory and therefore, the 
bands 1495 and 1514 cm"^ have been assigned to modes 19-4 and 1971, respectively. 

The assignment of the vibrational modes of the methyl gi'oup and some of 
the modes involving stretching of the CH bonds of the ring is also shown in 
table 2. 

c) Ortho-crcsnl 

The assignment of the vibration frequencies of ortho-cresol in tlie region 
050-1650 cm-^ made by Brigodiot & Lebas (1965) is given in table 3. Excepting 
a few, most of the assignments have not been changed in the present investigatioai. 
However, none of the Raman frequencies below 700-cm'^ has been assigned by 
the above authors, though Mecko-Kerkhof (1951) have given assignment for some 
of these linos. According to Mecke-Kerkhof the moderately strong depolarised 
Raman lino 529 cm~^ arises from mode 6S of benzene while mode 6-4 of benzene 
gives rise to the medium intensity polarised Raman line at 585 cm~^. This is 
indicated in the table. Mercke-Kerkliof (1961) also assigned two vibrational 
frequencies in the range 200-450 cm~^ observed in the case of many other ortho- 
substituted benzenes, to two modes of vibration involving in-plano deformations 
of the bonds connecting the substituents to the ring. In the case of ortho-cresol 
the Raman line 276 cm“^ probably corresponds to one of these modes, This 
frequency has been assigned to mod© 184 of benzene. 
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Kovnor & Bogomolov (11)59) have ealeiilatecl all the vibrational frequencies 
of ortho-xyleiK^ and calculations for tlui out of plane vibrations of ortho-xyleno 
and some other ortlio-disnbstitutful benzenes are given by Nonnenmaeher &; 
Mecke (1 961 ), Following tlui.se calculations, the depolarised Raman line 189 cni~^ 
assigned to modes lOR of ber.zene and the weak Raman lino 442 cm"^ is assigned 
to mode 16R of benzene Assignenicnts of other weak Raman linos have not 
been attempbid. 

The strong and ])olarised Raman line 749 cni~^ and the strong infrared 
absorption band 710 cni~^ arc assigned to the modes 1 and 12 of benzene. ' Fol- 
lowing the calculations of Kovjier & Bogomolov (1959) and those of Nonjien- 
macluir & Mccko (1961) the stiong infrared band 750 cm“^ i.s assigned to mode 
1 1 , while the depolarised Raman line 847 cm~^ corresponding to the .strong infrared 
band 842 cm~i is assigned to mode 5 These are shown in table 3. 

The Raman spectrum of ortho-crosol in the lifpiid state .sliow two jiolarised 
Raman lines of medium intcuisity at 1237 and 1255 cm""^ The infrared spectrum 
of the licpiid shows tw'o strong bands at 1242 and 1255 cm~^ cori’csptinding to the 
two Raman lin(‘.s and a third stron.g band at 1208 enr^ All those bands are al§o 
observed in the infrared spectra of ortho-cresol solutions, Brigodiot & Lebas 
(1965) who did not observe the infrared band 1242 cni"^ assigned the bands 1208 
em~^ and 1255 cm~i to modes e and e' of Kohlravsch For reasons already stated 
in the c.as(^ ol meta-cn^sols, tlu^ author suggests that the two vibration fre.queneies 
he assigned to modes 207f and 77? of henzei»e It ],s believed that the band 1208 
em"^ which may correspond to the frequency 1205 cm^^ of para-ciesol arises from 
an in-i)lane OH deformation mode 

Some other minor cluinges made in the assignment given by Brigodiot & 
Lebas (1965) arc indicated iji table 3 The assignments of the vibrational fre- 
quencies of the methyl group and some of CH stretching vibrations of the ring 
are given in the same tabh;. 
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On the assignment of vibration frequencies etc. 


Table 1 Para-cresol 


Hainan Shift 
(A om-^) 

Infrared bands 

(v cm"’) 


Asaignmont 

Pare liquid 

I*uro liquid 

ProBont 

Solution 
m CCI4 
authors 

Pure Solution 

liquid 

Garrigou-Lagi an go 
ct al (1958) 

Garrigou- 
Ijagi'angc 
et al. 
(1958) 

Prusoiit work 

*2S2 (06) 






10B/18B ■ 

^38 (36) 1) 






10B/9B 

*406 (0) 






lOA 

466 (2) P 






6A 

510 (1) 






11 

644 (5) J) 






GB 

701 (1) 

702 m 

700 w 

703 

702 

4 

4 

741 (1) 

738 a 


739 

738 


5 





740 



*809 (0) 




804 


lOA 


814 vs 

816 a 


817 

11/17/i 

17B 

824 (3) r 


826 a 



lOA 

12 (r') 

844 (6) P 

842 a 

840 a 

843 

843 

d 

l(r) 



929 w 


922 

5 






940 



OOO (0) 






17A 





986 


17A/C> 

1018 (0) 

1018 u> 


1017 

1016 

18,4 

18A 

1030 (0) 

1040 w 


1043 

1046 

substituent 


1104 a 

1105 w 

1105 

IKH 

substituent 

**1118 (4) 


1110 IV 

1115 

1112 

16 

15 

1170 (2) P 

1172 a 

1177 a 

1172 

1170 

9A 

9A 

*1206 (2) 




1206 

substituent 8(OH) 

1216 (4) P 




1212 

e 

q (Handle 


1235 a6 


1235 



& Whiffon, 

1255 (2) P 


1258 8 


1254 

'e 

q' 1966) 





1284 



1297 (1) 

1292')r 


1306 

1292 

3 

3 


1340 msh 

1340 w 

1343 

1338 




1360 a6 

1360 mb 

1364 

1368 


14 

1381 (4) P 

1376 msh 



1382 

substituent d, (CHn) 


1444 m 

1436 w 


1430 

14 

Sa (CHg) 

1460 (0) D 


1468 

1460 

1468 

19B 

19^ 

1617 (06) 

1514 V8 

1616 V8 


1615 

10.4 

19B 





1672 



1596 (2) Z) 

1600 tn 

1602 msh 


1698 

SB 

8B 

1614 (4) D 

1614 m 

16] 8 rna 


1618 

8A 

8A 

+2889 (3) P 






v,(CH3) 

2020 (4) P 






Vft(CHa) 

3014 (2) P t 






■1 

3037 (2) P \ 






} v(CH) 

3060 (6) P J 






J 


•Data from Biswas (1066) 

**Data from Garrigou -Lagrange et al. (1068) 
+ObBorved in the prosont investigation. 
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Table 2 Meta-oresol 


Kaman shift 

Infrarod bands 

{y om“^) 


Assignment 

(Av 







. - 




Pure liquid 

GaiTigou- 


Piiro Liquirl 

Pure liquid 

CHCla 

Garrigou- 

Lagraiigo 

Proaoiit work 

Piesent Authors 

Jjagiangc* 

ct ah (1966) 





at ah (1966) 



214 (3b)JJ 





11 

241 (4b)D 





lOA 

304 (2)D 



307 


9A 



442 

16P 

l&B 

618 (3)P 



517 

Vc 

6A 

641 (2)P 



537 

Vc 

6B 

666 (1)D 



660 


15 

088 a 

titiSa 

686 

4 

4 

735 (0)P 

740 mb 


734 


r (Randle & 
Whiffen, 1956) 


756 s 


768 



778 (0) 

776 va 


776 

J] 

lOB 

181 a 

820 va 



IHB 

850 (U) 

844 m 

846 a 

842 


5 



854 

17B 



880 w 

882 w 

872 






926 

17.4 



928 s 

930 a 

928 


17B 

H056 



969 


llA 

1000 (10)P 

1000 w 

1004 m 

1000 

1 

J) (Randle & 
Whiffen, 1966) 

+1039 (0) 

1042 

1043 m 

1039 

substituent 

substituent 



1080 

18B 


1,086 (2)P 

1086 tu 

1086 wb 

1086 

18A 

18^ 

1106 m 

nos a 



BubstiUient ? 


1164 


1161 {4b)D 

1100 va 

1100 vah 

1164 

1178 

9B 

9B 




1186 

.y(OH) free 





1286 

cy(OH) nssoc. 

3 



1246 va 


1267 

7B 

1280 (2)P 

1280 va 

1286 va 

1281 


13 



1306 





1314 m 

1309 

14 



1346 ab 

1334 s 



14 

1381 (4)P 

1386 w 

1386 mah 

1377 

(CHg) 

8, (CJHa) 



1403 



1441 (0) 

1440 m 

1444 aah 

1436 

6a (CHg) 

Ja (OH3) 




1460 

19A 




1470 ab 

1470 






1490 

19B 



1496 5 

1498 s 

1500 


19A 


1614 va 

1616 va 

1620 


lOB 




1538 






1500 

SA 


1692 (2)D 

1694 va 

1600 va 

1696 


SA 

1616 (6)D 

1615 aah 


1613 


SB 


1620 aah 

1610 



++2871 (3)P 





p, (CHa) 

2922 (4)P 





V«(0H3) 

3060 (2)P? \ 
++3061 (76)P J 





( v(CH) 


+ Data from Biswas fin6f5V 


++nK. 


On the assignment of vibration frequencies etc. 1 ? 

Table 3 Ortho-crosol 


Ktiinan shift 


Infrared bands 


Assigiunont 

(Av cm"^) 


( V cm“^) 






Solution in 

Pure liquid 

Brigodiot 


Pure Liquid 

Pure liquid 

CCli 

Brigodiot &, 

& Lobas 

Present work 

Presont authors 

Lebas 

(1905) 





(19GB) 


189 (46) D 





lOB 

a75 (3) D 

311 (0) 





184 

442 (0) 





16 B 

620 (4) J) 





OB 

686 (6) r 





04 

(0) 

* 005 (0) 



688 


4 

711 (0) 

710 

710 6- 

709 (50) 

4 

12 

740 (10) r 

7 no vn 


74.S (397) 
810 


1 , n 

847 (1) D 

842 vft 

842 va 

842 (75) 

10 P 

5 

928 m 

930 w 

922 (11) 

926 (U) 

17 B 

17 B 


980 (26) 

984 m 

980 ivb 

984 (14) 
1017 

6 

17 4 

1044 (0) r 

1044 

1040 mah 

1038 (34) 

18 B 

18B 



1043 (30) 

substiiuiuit 


♦1094 (1) 






1107 (1) 

1108 vs 

1104 a 

1102 (130) 

OB 

substituent t 

1150 (46) D 

1150 sah 

1163 mah 

1149 ah 


9 B 

11 70 vs 

1108 vs 

1164 (115) 

9A/16 



1208 vab 

1210 va 

1205 (118) 
1210 (04) 

e 

S(OH) 

1237 (46) P 

1242 vab 

1244 vsa/t 



7B 

1266 (36) P 

1266 vs 

1256 va 

1254 (119) 

r' 

20B 


1300 m 

1300 m 

1299 (29) 

14/3 

3 


1330 a 

1329 a 

1324 (90) 




1360 mah 

1350 w 



14 

1381 l3) J) 

1388 w 

1384 tv 

1380 (18) 


SdCHa) 

1440 (1) D 

1460 mah 


1443 (33) 

substituent 

Sfl(CHj) 

♦1471 (1) 

1466 a 

1467 « 

1462 (72) 

snbsi-ituent/lOA 19A 

**1484 (06) 

1496 va 

1495 a 

1492 (85) 

19JS 

19B 

1606 sah 


1608 (60) 


2 X 750 

1610 (1) 

1616 aah 

1616 mah 




1592 (4) D 

1692 va 

1593 a 

1687 (66) 

84 

84 

1016 (7) JD 

1610 mah 

1612 mah 

1008 (23) 

8B 

8B 

♦*2806 (2) P 





«^(CH3) 

2020 (36) P 





Va(CH3) 

3064 (06) P 
3073 (36) 

) 




1 v(CH) 


'**Data taken from Biswas (1066). 

** Observed in the present investigation. 
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Gamma ray spectroscopy of 
By B. P. Patuak, S. 0. Gujeathi* and S. K. Mukiiekjee 
Saha Institute of Nuclmr Physics, Calcutta, India 
{Received 19 January — Revised 13 August 1970) 

The gamma decay charactonstica of 186mW have been investigated using Ge(Li) and 
Nal(Tl) BiJoctroinotors. The Bamples of laBiuW were produced through (»i, 2i»() 
I HSinW reaction by irradiating tungsten oxide enriched in (97.8%), with 14.8 MoV 
neutrons. A half-life of 1.05 i 9.05 min was assigned to its decay. Gamma rays with 
60.2, 94,5, 107.9, 122.3, 131.8, 104.7, 174.1 and 188.3 keV energies were found decaying 
with 1.65 mm half-life. The results of single.s and coincidence measurements have been 
incorporated into a decay scheine. The levels of 76d populated by the decay ol 
1.65 min ifBmW iiro established at 0, 23.6, 06.2, 93.8, 174.1 and 188.3 keV. The 1.05 mm 
isomeric state is placed ai. 198.0 keV. The re.sults of the prosont measurements are 
found t o bo consistent with those obtained m a recent work. 

Introduction 

Duffjelcl f'/ r/? (1950) first pi’Oflucc>d by .’.eutron capture reaction on 

Tlu\y asaignod a half-lifo of 1 85 min by studying the decay of 75 keV conversion 
electron peak Poo (1955) rcporti\d GO, 130 and 176 keV gamma rays due to 
]B5m\y^ using a Nal(Tl) didoctor, but ho did j\ot report a decay scheme. The 
first attempt to uiulertako a complete study of tlio decay scheme was made 
by Morinaga & Nagatani (I960) They n'-portod gamma rays of 75, 
100, 125, 175 and 230 keV decaying with 1.6 min lialf-life. The levels of 75d 
populated by tlio decay of were suggested at 0, JOO and 175 keV. The 

1 6 min isomeric state Avas plac.ed at 300 keV Erskine (1965) identified a number 
ofloAv lying levels in. by {d, p) reaction. Martin et al (1966) reported 
the 1/2“ i 610J intrinsic state at ^^15 keV hy study ‘ng the neutron capture reaction 
on Iloconll}'^ a systematic study of the decay of ^8r>iii\y ^a,s made by Daly 

ei al ( J 909) employing high rccsolution gaimua ray spoctrometers They established 
a number of now gamma ray transitions and deteimined their energies within an 
error of loss than 0.3. In contrast to Morinaga's report, they suggested the 
1.7 min isomer at 197.8 keV 

The purpose c)f the prosont inve.stigation is isolated to the interests of the 
authors in the high resolution gamma ray spectroscopy in the low energy region. 
The preliminary part of this work was reported previously at the Low Energy 
Nuclear Physics Symposium, Bombay, by Pathak et al (1968). In this report 

•Prosont Address : Doparfcmoni of Chemistry, Simon Fraser University, Biiniaby-2, 
B- C,, Canada. 
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an ati(inii)i was raado to lit th(^ obsarvorl gamma rays with tho holp of known 
lovols of from oarlior works (Morijiaga et al 1960, Erskino 1965). Tho 

appoarajioo of tho rooent report by Daly et al (1969) prompted tho authors to 
l)orform more detailed moasiiroments with spooial attention to the intensity 
dotorminatioji and the gamma-gamma coincidence experiments By applying 
necessary ciorrections for tlio absorption of the gamma radiations ixi different media 
comiiig in between the source and the detector, the correct intensities of tho low 
energy gamma rays wore obtained Those intensities are an improvement on 
those reported earlier Gamma-gamma coincidence experiments were performed 
with narrow gates and the new improved results led to tho modification of tho earlier 
decay scheme tejitatiA^ely proposed by the authors (Pathak et al 1968). 

Peepaeation of Source and Half-life Measurement 

The sources of were obtained through (n, 2n) reaction on enriclied 

(97.8%) samples of hy irradiating witli 14 8 MeV neutrons in an average 
flux of ~ 10^® neutrons per sec; x)er (;m^. For eac.h bombardment the target sample 
was placed in a thin iiolythene bag, and placed between the layers of a cadmium 
sheet. After irradiation, the polythene bag containing the samirle was trans- 
ferred for the measurements In general tho counting began 30 sec after 
the imidiation. Radioactive sources of * b Hf(Tj — Old and 64 min; 
BakJiru et al 1966), ^ 10.5 min; Gujrathi et al 1968) and ia®BW(Ti 

were produced besides Xiy (?i, a), (rr-, p) and {n, 2n) reactions, respectively, 

during the neutron irradiation of The radiations duo to these isotopes 

jiresented no serious problem to our measurements. The production of longer 
live,d activities was minimised by keeiung the duration of irradiation to two 
minutes onl3^ Most of the contributions due to the activities with half-lives 
of the order of hours and days were subtracted along with the background. The 
radiations from the 10.5 rain ^““Ta could bo identified and were taken care of 
liy iiroiier adjustments ol the hradiation and the data accumulation timings 
Tliin W-foils (0.025 mm) were used for the accurate studj^ of solf-absori)tioii, to 
apjily necessary corrections 

To measure the half-life of enrirshed was bombarded for 5 min 

and the decay of beta rays and the converted electron intensities was studied 
under a Geigor-Miiller counter. Tho existence of activities with half-lives 1.65± 
0.05 min, and 10.5 ±0.5 min along with an almost constant background duo to 
longer lived activities was obtained (figure la). The 1 66±0.05 min half-life 
was assigned to and the 10.5±0.5 min activity was attributed to tho decay 

of ^B“Ta, These assignments were further confirmed by studying the decay of 
photopeak intensity of each gamma ray using Nal(Tl) and Ge(Li) detectors. 
To confirm tho half-lives of the longer -lived portion of tho activities, enriched 
was bombarded for one hour and the decay was followed using a low back- 
ground Geiger-Muller counter (background = ^ counts per min). Radia1^ion§ 
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with half-lives 10.6 min, 65 mill and ~ 76(1 wore detected (figure lb), which 
could be assigned to and respectively. 

In the experiments described in the following sections, an enriched sample 
of weighing <-'140 mg was used in repeated bombardments. The irradiation 
time in all tJio cases was kept to bo about 2 min to reduce the production of im- 
purity activities due to longer-lived radioactive isotopes. To have a reasonably 
good c(ninting statistics a method of repeated bombaidments and accumulations 
was adojited. After cacli irradiation four spectra wore recorded for successive 
ijitorvals of 1.5 imn the first ono being started about 30 sec after the irradiation 
The Hubtractioji of the fourth spectra from the first three removed most of the 
effects of background and longer-lived radiations. The difference spectra con- 
tained c'.ontributions mainly due to 1 65 min activity and a small fraction due 
to 10.5 min ^‘*®Ta. The decay of i*®Ta has boon carefully studied (Gujrathi 
(4 (d 1968, Monnand ct ul 1969, Pathak et al 1970). Its contribution was 
accounted for in all the measurements. The interference due to radiations 
from 65 min and 75d activitios was not detectahlo. 

Single Gamma Ray Spectra 

To study the gamma ray spectra of both enriched and natural 

W-foils of a v(^ry high purity grade wore used, The spectra were first studied 
using a 7.6 cm X 7.6 cm NaT(Tl) dotocior. Photopeaks at 60, 130 and 175 keV 
were found to defr ay with an average half-life of 1 66 min Figure 2a shows the 
gamma ray spectra recorded for successive intervals of 3 min. The decay of 
individual x^hotopcak intensities is shown in figure 2b. For the detailed study 
of gamma ray sx:)octra a 4 cm^ area X 5 mm depletion depth Ge(Li) dotiador was 
employed. The energy resolution (FvVHM) of the system was 2.8 keV for tlie 
12l.8koV peak of 

Mu,st of the gamma rays emitted by 1 .6 min are of low energy and the 
behaviour of tho Ge(Li) detector for such gamma rays is expected to bo compli- 
cated due to absorption in tho layers of different elements in between the source 
and the detector. Therefore, it was felt necessary to study the low energy response 
of the Ge(Li) detector used in tho present work before using it for tho spectrometry 
of very low energy gamma rays. With the conventional mounting of the source 
on tho top of tho detector, a sharp fall in the apparent photopeak efficiency for 
gamma rays having their energies below 80 keV is noted. This phenomenon can 
be under, stood in terms of the abaorx)tion in the following two media. 

(i) A part of the low energy gamma radiation is absorbed in the sample 
itself. This absorption becomes prominent if the sample used is thick or of high 
atomic numboi’. The samples used for the gamma ray spectroscopy of 
wei’e either tungsten foil (ir oxide enriched in The percentage absorption 
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in lialf-tlxicknoKs of tlio sample was studied. A sharp increase in the percent 
absoji)ti()n with decjreaso in gamma ray energy below ~100 keV was noted. 

(ii) The otluii- absorbing medium is the dead layer of detector. The thickness 
of dead layer of tlie Ge(Li) d(‘tector used in the present investigation, has boon 
(quoted as 0 5 min by the maniifaeturers. A sizeable portion of the gamma rays 
below 50 keV gets absorbed in this layer, thereby reducing the apparent photopeak 
efficiency. 

The enclosures for the Ge(Li) deteetors, jirovidcd by the manufacturers, 
are iji general made of thin aluminium sheet The atomic number for aluminium 
is 13, Avlicreas, for Gc it is 32. Therefore, the absorption of gamma rays in the Go 
flead lay(‘,r should b(> several times more than tliat m the aluminium container. 
An alternative, to avoid tlie. entry through the dead layer would bo side entry, 
as suggested by Mukherjee (1969). Tlie method of side entr^’^ for detection of 
protons was utihz(*.d by Gruhn et al (1969) to minimize the energy loss and strag- 
gling in penetrating the window. This is done by mounting source on the side 
of the dctoctoi, outside the enclosure, in such a position that the central part 
of the dc])loti‘,d region ffices the source To study the effect of absorption in the ^ 
dt^ad layer of tlie detector, gamma spectra of several standard calilirating sources, 
emitting bnv energy gamma radiations, were recorded -with side and top entries, 
respoctividy. The photopeaks of gamma rays below' 50 keV were far more intense 
in the, spectrum recorded wdth side entry, as oomxiared to one recorded Acitli top 
(uitry. Figures 3a and 31) show the gamma ray spectra of recorded with 
io]) and side entries, rospecitivoly The difference in the relative intensities of 
the X-ray [leaks as compared to tlie 80keV peak in the two spectra is remarkable. 
As a result ol' these studies it w'as found that the absorption of low" energy gamma 
rays in the dearl layer is more prominent than in the aluminium wall. How"ovor, 
there are c.ertain disadvantages with the side entry whicdi make its use rostrie.ied 
only to strong sources. Firstly, the enelosurii is at a good distance from the 
detector and secondly tlic sensitive area of the detector faciing the source_is quite 
small as compared to the top entry These two facts lead to a very small solid 
angle being subtended by tho detector at the source Therefore, the overall 
detection efficiency is highly reduced. Figure 4 shows tho variation of the relative 
photopeak efficioney wdth energy, for the side and top entries. In finding those 
curves the photopeak efficiency for 81 IkeV gamma ray was assumed to be 1 
in both cases. It is remarkable to note that compared to the top entry the relative 
jihotojieak effiiMoncy is higher for tho side onti y on hotli sides of 80 keV. However, 
the diflerence on tbe low energy side is more pronounced. Tho exact shape of 
the bent portion just below 80 keV could not be determined unambiguously duo 
to tho unavailal)ility ol well-studied very low energy gamma ray sources with 
closclv spaced gamma rays around 80 keV and below. From the nature of tke 
photopoak efficiency curves it is noted that tho spectroscopy with the side entry 
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la advisable for gamma rays below 50 keV. Tlie method will be more efl’eotive 
with detectors coiitaiuod in thin and smallest possible diameter enclosures. The 
increase in the relative photopeak efficiency of high energy radiation may be 
attributed to the thicker depletion region seen by a gamma ray iravei’SJng the 
detector laterally. 

The gamma ray siiectra of ifeSmW wore studied u ith both the side and lojj 
entries The main purpose of studying the gamma siiectra wiili side entry was 
to look for the low energy gamma rays whcise existence has been precluded in 
an f.arlicir work (Daly et al 1900). Figures 5a and 5b show' the spoedra recorded 
wotJi tJio top and side entries rospoedively. A remarkable differcmc.e betw^ocn 
tlic t\i'o spiKtra is in relative intensities of 59 '1 and 66 2 koV photopeaks. In 
tlie spectrum taken with top entr^^ the heights of these two p(*,akH are almost 
ecpial but in the one taken vdth side entry the height of 59 2 keV is aiipreciably 
more Ho-\vcver, photopeaks corresponding to the low emorgy gamma rays sug- 
gested by Daly d al (1969) could not bo obseuwed in any of tluj spectra. No 
clear indication could be obtained even for the 42.7 keV gamma ray. To study 
the decay of photoiioak intensitieSj siiectra were recorded in the four sections ul 
tlie 51 2-channel analyzer for successive intervals of 1 .5 mm (figure 6) In figiiie 7 
the decay mode of each gamma ray is shown Several such measurements led to 
the assignment of 1.05 min as half-life of The intensity of 198.0 keV 

gamma ray decayed with a half-life longer than 1.65 min but shorter than 10.5 min 
and therefore, it was inferred that a part of the intensity of 198.0 keV gamma 
ray is duo to 10.5 min ^®®Ta and the rest comes from tlie summing of 131.8 and 
66.2 koV gamma rays. 

Eneegy and Intensity Meastjeembnts of Gamma Rays 

A.S the gamma rays omitted by 1.6 mm are of very low^ enc.rgies special 

care liad to bo taken to aceoimt for the nonlinearity of multichannel analyzer 
below 50 channels, absorption of the radiations in the sample ustul for the 
deutron irradiation, the window and the dead layer of the detector. The non- 
linear channels of the 512-channel analyzer were excluded by recording the spec- 
trum unbiased and with a good dispersion. As all the gamma rays involved in 
this work are below 200 keV, spectra could be recorded in a single energy setting. 
The energy dispersion of the spectrometer was so adjusted that the iCj, X-ray 
peak was observed near 100 channels. The rise time of the output pulse from 
the ORTEC model 1J8A, FET preamplifier is very small (^lOO ns), whereas, 
the decay time is very large ("-60 /ab). Therefore, wdth different counting rates 
different portions of the pulse due to a radiation overlap with the succeeding 
radiation, thereby causing a shift in the energy calibration of the multichannel 
analyzer with the change in counting rate. To exclude the possibility of any 
such shift gamma spectra were recorded along wdth a source of suitable 
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strongth. AHSuiuing ike energies of gamma rays quoted in the recent 

rei)ort,s by Gurknkol et al (1967) as standard, the accurate energies of tlie strong 
I)eaks wore determined. In another run alone was used to record the spectra 

to observe the weak 2)hotiieak8 distinctly. The energies of strong peaks detor- 
iiiincd in the i)revious exi)eriments were used to determine the energies of the weak 
radications. A linear relation of the form E = a-}-bx, whore E is the energy 
corresponding to tlie channel x and a and h are constants, was used. The values 
of a and h were dettu’inined over the whole energy range used and the linearity 
of the detector response was confirmed. 

It has been observed (Hollander 1966) that for Ge(Li) detectors a double 
logaiithiiiic jilot of efficiency versus energy is a straight line over the range of 100 
keV to several MeV Below 100 keV though the intrinsiti efficiency of the Gc(Li) 
detector is expected to be high, duo to excessive absorption in the container and 
the dead layer the ajqiarent efficiency goes down rapidly with the energy. Thus 
besides self absorjition in the samiile the observable intensity of low energy gamma 
rays is further reduced due to the ajiparent poor efficiency. In the present work, 
since all the gamma rays in question are of Ioav energy, sizeable correction due to 
those effects was necessary. The low energy response of the detector was studied 
using the X-rays and the gamma rays from ^®®Ba and An energj’' versus 

photopeak efficiency curve obtained for the energy range of interest is shown in 
figure 4. To account for the absorption of the low energy radiations in the sample 
itself the following iirocodure was adopted. Enriched was packed in a 

thin polythene bag and irradiated with fast neutrons. Before putting it on the 
detector it was uniformly spread and two folded. Then it was mounted on the 
detector along with a ^^'•‘Ba source of suitable strongtli. The energies and the rela- 
tive intensities of the observed gamma rays were obtained by usual methods 
described earlier. To obtain the correction facdor for absorjitioji of gammas 
of different energies the percentage absorption of gammas of different energies 
in half thickness of the sample was studied in the following manner. Spectrum 
of was recorded for 90 min by putting it on the top of the dotoctor in a 

particular position. Then keeping the geometry the same the unfolded 
sample (to make the thickness hall of what was used for recording gamma 

spectra) was put under it and the spectrum was analysed for the same interval 
(90 min). The jiercentage reduction in the intensity of each gamma ray was 
calculated and an energy versus percentage absorptitm curve was obtained. The 
percentage absorption of gamma rays was determined using this curve. 

To conhrm the results obtained after self-absorptioii correction further experi- 
ments wore necessary because the sample of the WO3 enriched in used in the 
above moasuroments was in the powder form resulting in non-uniformity in the 
thickness after spreading in the polythene hag used for packing. To do this 
the measurements described above were repeated using two W-foils of same di- 
mensions. At the first instance, both the foils wore irradiated with 14 MeV 
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uouirons and gaiuina spectra woro recorded by mounting these foils ono above the 
other on the detector. Next, the energy versus percentage absorjition curves 
Avoro obtained by putting each foil separatelj^ one at a time, under a source. 

An average of the two moasuroments was taken as the true value. The corrected 
intensities by tho above two methods wore consistent within tlie limits of experi- 
mental error. 

A gamma spectrum taken with a Ge(Li) detector can be regarded as (ionsistmg 
of two distinct parts, (1 ) the continuous “base-line” and (2) individual peaks. Tho 
peaks are so narrow tliat tlie base-line under each peak can bo assumed to bos mooth 
curve or even linear. The continuity of the base line is broken under the peaks. 
Therefore, tti determine tho base line eoimts under a peak, the base-line is inter- 
polated maintaining the smooth shape. After subtracting tho base line isolated 
jicaks are obtained. To find the peak jiosition in terms of the channel numbers 
tlie centroids of the peaks Avere determined. Their energies were determined by 
taking the energies of (Malmsten et al 1967) and (Gurfinkel et al 1967) 
as standard. A linear relation of the form described above was used. To deter- 
mine the intensities of gamma rays, the area under each photopeak Avas determined 
by summing the counts in an isolated peak. Tho relative photopeak efficiencies 
for different gamma energies wore found from tho curve shown in figure 4. Tho 
corrections for tho self-absorption wore applied in the manner described earlier. 
The intensity of 66.2 keV radiation Avas normalised to 100 and other intensities 
Avero detorminod Avith respect to it. The number 100 Avas chosen to make the 
intensities obtained in the present work directly comparable to those reported by 
Daly ct al (1969) Table 1 shows the energies and relative intensities of the gamma 

Table 1. Measured energies and relative intensities of gamma rays 
emitted by iSBm'w 


Energy 

in KeV 

Relative intensity 

Present work 

Daly et al (1969) 

Present work 

Daly et al (1969) 

69.2-i:0.2 

WX-ray 

112±22 

99 ±9 K. 

06.2±O.2 

66.1J::0.2 

100 (standard) 

100 (standard) 

94.Gi0.3 

94 3±0.3 

2.1±0.2 

1.6±0.2 

107.9±0.3 

107.7±-0.3 

7.7±0.8 

6.3±0.6 

122,31:0.3 

122.1±0.3 

2,1±0.2 

1.0iO.2 

131.8±0.2 

131.7±0.2 

80i8 

66±4 

164.7±0.3 

104.6±O.3 

llil 

9.9il.O 

174.1±0.2 

173.8±0,2 

68^6 

68^4 

188.3±0.3 

188.1±0.2 

14.7±1.6 

14.6±1.4 
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rays frtuii obtained in the present work along with tlioso reported by Paly 

(it at (1960). A good consistency is noted between the values obtained by the 
two groups. 

As 60.2 keV gamma ray is close to the Z-absorptiou edge, accurate absorption 
(iorroctions could not be applied as the behaviour of absorption coefficient is not 
well studied in this region. The gamma ray spectra were also studied bv placing 
the source at a somewhat larger distance ('^5cm). The relative intensity of 
108 0 keV photopoak was found to decrease with the increase of sourcc-to-crystal 
distance and therefore, it was attributed to summing of Kll 8 and 66.2 keV gamma 
rays As the intensity of 198 0 keV gamma ray is very poor and also contains a 
part of its intensitv due to ^®®Ta, conclusions drawn about its nature wore ambi- 
guous However, assuming it as a sum peak, the decay scheme proposed by 
Paly et al (1969) is nicely explained. 

In the analysis of the observed gamma ray spectra, possible interference of 
Compton edge.s and back-scattered peaks with the genuine photopeaks was also 
taken into account. The (Compton edge of 164.7 keV gamima ray should be 
located around 66 keV, but as 66 2 keV transition is far more intense tlian lb4.7^ 
keV gamma ray, a negligible error is expected in finding the intensity of bb.2 keV 
gamma ray due to tlio presence of this Compton edge. To account for the effect 
of back-scattering the positions of back-scattered peaks were ealcmlated. Although 
the energy of 188 3 keV gamma ray after back-scattering becomes very close to 
107.9 keV, back-scattered peaks due to intense 174,1 and 131.8 keV gamma rays 
could not be observed and any back-scattered peak due to weak 188.3 keV radia- 
tion is almost ruled out. Therefore, 107 9 keV photopeak was identified as a 
genuine gamma ray. In finding the intensity of 66.2 keV gamma ray the contri- 
bution due to W X-rays was calculated using the relative yields of K„ and Kp 
X-rays (Ledercr et al 1967). 

The Gamma-gamma Coincidence Studies 

The gaiiiiiia-gamma coincidence data were obtained using two scintillation 
Nal(Tl) detectors A Sum diaxScni thick Nal(Tl) crystal was used for selecting 
the gating pulses and another 7 6cmx7.6cni Nal(Tl) crystal was employed 
as an analyzer detector, Both tlic detectors wore coupled to R,C.A.80S4 photo- 
multipliers The signals from the two gamma dC/toelors were fed to a slow-fast 
coincidence circuit. The pulses from the analyzer detector were recorded in a 
Nuclear Data 512-channel analyzer gated by the coincidence signal. The detectors 
were placed 2.5 cm apart in a lead chamber lacing each other. The sample holder 
was placed at the centre of a graded lead anti hack-scattering which was placed 
between the two detectors The Nal(Tl) crystals wore covered with Incite plates 
of suitable thickness to stoij beta rays and the converted electrons. As the singles 
counting rate was Ioav, the accidental coincidences were exjiected to be negligible 
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iliorcfore, no corrootionR were applied for its contribution. A series of measurti- 
irionts wore performed to conjfirni tlie observed coincidence spectra. All the in- 
tense gamma rays observed in the single crystal Nal(Tl) spectra were selected 
one by one in the gate and the coincident gamma spectra wore studied. 

Figures 8a and 8b show tlie gamma spectra in coincidence with 66.2 and 131.8 
k oV gamma rays, respectively. In figure 8a intense peaks arc observed at 60 
and 1 32 keV while in figure 8b only 60 keV peak is intense. In both the spectra 
a weak peak at 30 keV is observed. This may be partty due to I X-rays 
The broad peak at 208 keV was found to decay with 10 5 min half-life of i®®Ta. 
As suggested by Morinaga ct af(1960), wo tried to search the coincidence between 
66.2 and 174 1 keV gamma rays and also between 131.8 and 174.2 keV transitions. 
In the first series of experiments comparatively wider windows were selected and 
a very weak coincidence was observed botw'oen 174.1 and 131.8 keV gammas. 
Althougli this Avas consistent with the reports of Morinaga et al the situation was 
ambiguous as tlu'. observed eoincuhmcc could be due to Compton scattered elec- 
trons of other gamma rays. To resolve this ambiguity gamma-gamma coincidence 
experiments wore repeated v'ith narrow gates of single channel analyzers. Even 
alter increasing tlie resolving time of the electronic set up to 4/^sec no coincidence 
could be observed between 131.8 and 174.1 keV gamma rays. The results of those 
ooincidenco measurements led to the modification of the tentative decay scheme 
reported earlier by the authors (Pathak ei al 1968). 

BisotrssiON 

The results of singles and coincidence measurements are summarised in the 
dc^ca3'^ scheme shown in figure 9 In the decay scheme suggested by Morinaga 
& Nagataiii (1060) the levels of were shoivn at 0, 100 and 175 keV. The 
1 .6 min isomer ivas suggested at 300 kcV. These assignments were supported 
by indications of coincidence between 176 and 125 keV gammas. It was further 
confiimed by the existence of a peak at 230 keV which w^as identified as a sum 
peak of 175 keV transition and the K lC~ray emitted as a result of the conversion 
of 126 keV gamma ray. The multipolarity of the 126 keV transition was inferred 
as E3 and hence a fairly largo K conversion coefficient ( ~ 1.7) was expected, thereby 
increasing the sum probability. 

In the present investigation the gamma rays of 66.2, 94.6, 107.9, 131.8, 164.7, 
174 I and 188.3 koV Avero observed. As no coincidence could be observed betAAXon 
131.8 and 174.1 keV transitions, the 131.8-174.1 keV cascade was ruled out. How- 
ever, the 66.2 and 131.8 keV gammas were found coincident, and therefore, the 
198.0 keV peak was identified as sum peak due to 131.8 and 66,2 keV gamma rays. 
No gamma ray decaying with 1.6 rain half-life could be identified around 230 keV. 
A level at 66.1 keV in has boon reported by Daly al (1969) whereas, no 
excited state at 131.8 keV is known. Therefore^ we suggest a. level at 66.2 keV 
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and the obst^rvocl gainnia ray ol‘ 06.2 keV is shown connecting this level and the 
ground state. The 1.65 min isomer is shown at 198.0 keV. These assignments 
are fiirilier supported by relative intensities and expected conversion coefficients 
of tlieso transitions. The 174-.lkoV transition is not in coincidence with any 
intense gamma ray, therefore a level at 174.1 koV is suggested to act’.ommodate 
this gamma ray as a transition to ground state. A 23 9 keV gamma ray is shown b^^ 
a dotted line, coimecting isomeric state and the 174.1 keV level. It could not be 
observed in singles Go(Li) spectra but the coincidence experiments indicate the 
existence of gamma ray of ~30keV (figure 8) The energy difference between 
the 188.3 and 122.3 keV gamma rays suggests that there should bo a level at 188.3 
keV and the above gammas coidd be placed between this level and the ground 
state and the 66.2 koV levels, respective^. The. 107 9 keV gamma ray is very 
weak in the singles Ge(Li) spectrum as compared to 174.1 keV transition In 
th(^ decay scheme it is shown connecting 66,2 and 174.1 keV levels. The levels, 
so far proposed, exiilain all tlie singles and coincidence gamma spectra cxcciit 
164 7 and 94.5 keV gamma rays. 

Neutron defiiuont nuclei in the mass region around 185 have their ground 
state as 1/2- [‘510 1 while those with excess neutrons exhibit 3/2~ [512]. Assuming * 
tlie deformation parameter <5 0.2, as suggested by Morinaga ei al{ 1960), from 

the Nilsson diagram one expects 1/2*“ [510] or 3/2“ [512] as ground state of 
The /?-deoay of 75d to the ground state (5/2+ [402]) of has a log/^ 
value of 6 5, whereas, the decay to the first excited state (7/2+) has the vlue 8.4 
and there is no decay to the 9/2+ level The log fl value of the decay to the ground 
state suggests the ground state spin of as 3/2“ [512]. In tlie recent report 
oi Daly et at (1969) the spin of the ground state of been experimentally 

confirmed as 3/2“ [512] intrinsic state and also justified by theoretical considerations 
In Nilsson diagram 3/2“ [512] and 1/2“ [510J states are closely spaced, and there- 
fore 3/2“ being a ground state, 1/2“ is expected at low excitation energy. Martin 
et at (1966) observed a gamma ray of 15 keV in the study of (n, y) reaction. 
They identified it as due to transition from 1/2~[610] to the ground state - Erskine 
(1965) suggested a level with spin 1/2“ at 13 6 keV. Recently Daly et at (1969) 
could explain the observed gamma lay spectra with this level at 23.6 keV. Wo 
put this level at 23.6 keV to explain the observed singles and coincidence spectra. 
The 164.7 keV transition is shown between 188.3 and 23.6 keV levels. A level at 
93 8 keV is suggested to accommodate the 94.5 keV gamma ray. A 93.8 keV 
gamma ray is included by dotted lines between this level and the ground state. 
The 23 9 and 9.7 keV transitions, shown by dotted linos in figure 9, could not be 
observed in the singles gamma ray spectra. However, a peak at about 30 keV 
was identified in coincidence with 66.2 and 131.8 keV transitions. This probably 
includes the 23.0 keV gamma ray. The presence of these transitions is essential 
to understand the relative intensities of the gamma transitions. The spins and 
the parities of the excited levels have been assigned with the help of previous 
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rvporlK (Morinaga et at 1960, Daly et al 1969), especially one due to Daly flat 
(19()9). riie proposed decay sehemo is eonsistent with the latter report. 

riie autliors wish to acknowledge their sincere gratitude to Professor D. N. 
Kundu foi’ liis kind intcirest and to Priifesscu' P. N. Mukherjee for his stimulating 
discussion and helpful suggisstions. 

Note add(^d Aftiii' this paper was coiumunioatCfd a report on the decay of 
185U1W has appeared in Can J, Phys 48 (19t0) 502, hy S. C. Gujrathi and J. M. 
D Auria, Our results are in. good agreement Avith those reported in the above 
paper. 
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Problem of screw dislocation in a non-homogeneous 
transversely isotropic annular disc 
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ExpressionB for streasoa and diaplacementa m the caae of a screw dislocation in an 
annular disc of non-homogeneous transversely iaotropio material have been calculated 
in this papor. Tho amount of energy neooaaary for formmg the dislocation is also 
calculated. Strosaoa have been calculated numerically for different caaea. 

Introduction 

Effects of dislocations on crystals wore studied by Forty (1951), Dawson & 
Vand (1950, 1951). Thereafter Eshelby & Stroh (1951) discussed different cases 
of straight screw dislocation in a thin plate and disc and in an infinite body. 
In the present case, the problem of screw dislocation in a non- homogeneous 
transversely isotropic annular disc has been considered. 


Solution of the Problem 

Here we use the cylindrical co-ordinates r, 0,z. Ur, Ug, Uz are the displace- 
ment components and Tr^, etc., the stress components, being the 

clastic constants Jjct the disc be bounded hy < r < and « — 

Now wo know that for a screw dislocation in an infinite transversely isotropic- 
body along the Z-axis, the non-vanishing displacement and stress components 
are 



... ( 1 ) 


For screw dislocation in a disc, the tractions on the plane bz — ni^st 
vanish. We have for transversely isotropic material (Love 1944) 

- 

dz 


>fl — ^06 


( 


dr r I 


... ( 2 ) 
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Let us suppose 

C44 ^ Cfig == c ggH, ( 3 ) 

c 44, c'ea, I being constants. 

The equation of equilibrium that does not vanish is 

I -f-lsg- = 0. ■ ■ ■ (4) 

dr dz r 

TJiis equation with (2) and (3) reduces to 

0 , ... ( 6 ) 

Qfi y Or dz^ 

wlioro K^= 5J1.. 

^ 6fi 


Let Ug = . Uir), m being an arbitrary constant. 

Then (5) becomes 


df^ " r ■ 


_({+!) .^0. 

dr r'^ 


Again, the substitution U — . V reduces the equation to 

-I ^+1H-3'P d V , I ip— \ )(j4-14 p) y — 0 , Avhich for 

(>‘2 r dr '\ r* 1 


V 



km 


becomes 




1 

t 


dV 



The solution of this equation is V ~ AI , , {i). 

_ i .. 

Tlierefore, Ug ^ ^ AaI . {Krnr)-\-BKi {Krnr) ... (6) 

' L J+i ‘+1 J 

Thus in our case the non-vanishing displacement and stress components 
can be written as 
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St)lving, wo got 

A = '*-*‘*” sm 
“ 2 
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( 8 ) 



Tima with theao values of j 4„, the displacomont and stresses are given by 

(V). 

The energy required to form the dislocation in the annulus is given by 
W == i & J (^2 Itqz dr 

-d r. 
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.-1„, B,, boiiig gjvon by (8). 


NuMBBiOAii Calculation 

Let us calculatcj tb« stresses on » = 0 plane in the tirystal topaz flue to dis- 
l()('ation. 

For this luatorial, we liavo 

c'44 — 1100 (lyiics/ciii-, c'qs— JH 50 dynes/eiu^ 


(So that 


- VI 


111 particular, wo take ^ 1 ciu, — 2 cm and = 1 0 cm 

Tlio variations of’ Tgz on s — 0 piano with the valuation of r for difforont values 
of I are given 111 table 1. 


Table I 


r (In cm ) 

1,0 

1.1 

1.6 

2.0 


38 349 

34.746 

25.242 

18.838 

1 

^ V iii) 1 0 

— 4 198 

-4.447 

- 6.703 

- 9.168 

Homogeneous 
. case 

(rn (lynos/oui J fm) Z = 2 

— 25.149 

— 29.806 

— 78.908 

— 188 797 
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Infrared spectrum of anhydrous citric acid in the 
solid state — 1 
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The infrared spocbra of anhydrous citi ic acid in mull and in XBr matrix have boon 
recorded in the range 700-4000c Avith a Perkin-Elmer Infrared Speoirophotomeler, 
model 221 equipped with sodium chlorido optics. The observed frequencies are 
assigned tentatively to their respective characteristic groups. The frequencies duo to 
the hydrogen bonds in the unit cell, are assigned with reference to the data known 
from Hadzi (1066). The results are reported m this communication. 

iNTRODirOTION 

There are only a few investigations that are to be found in the literature on tlui 
infrared and Raman spectra of citric acid either in solution or in the solid slate, 
Passorini (1936) and Duval (1956) have recorded the infrared spectrum in the solid 
state without prosonting any analysis. There is no investigation reported on the 
infrared spectrum of citric acid in solution. Edsall (1937) has investigated the 
Raman spectrum m solution and has reported the Raman frequencies without 
any analysis except indicating the C = 0 and CHg frequencies. Nisi (1931), 
Thatte et al (1936) and Canal et al (1938) have investigated the Raman spectrum 
of citric acid monohydrate in the solid state. Nisi has confined himself to 
the region of water of crystallization only and reported the same. Thatte et al 
liave photographed the Raman spectrum in the molten state and discussed 
the 0 = 0 — 0 group frequencies only. Canal et al have photographed the 
spectrum using powder technique and reported the data without any analysis. 
The authors have attempted to analyse the vibrational spectrum of this molecule 
in the solid state. Thus they have recorded the infrared spectrum of anhydrous 
citric acid in mull and in KBr matrix and have assigned the frequencies to their 
respective characteristic groups. 

Exfebimental 

Citric acid monohydrato of AR grade from S. Merck & Co. was procured 
and purified by repeated recrystallization. A hot saturated solution of the subs- 
tance in distilled water at about 70°C was cooled slowly to room temperature over 
several days. It is known that citric acid becomes anhydrous above the tempera- 
ture 36.7‘’C and so wo have obtained the crystals of anhydrous citric acid by the 
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above process of cooling. This anhydrous citric acid was used to record the spectra 
in mull as well as with a KBr pellet. The spectra are reproduced in figures 1 and 2, 

Results 

The obseiwed frequencies with assignments are given in table 1. Also a 
pictorial diagram of anhydrous citric acid molecule is given in figure 3a. The 
Raman frequencies of citric acid in the polycrystalline state from Landolt and 
Bornstein tables (1961) are also given for comparison. 

Discussion 

Anhydrous citric acid with the chemical formula CoHgO, is a tribasic acid 
with an OH group attached to the middle carbon atom. There is no data avai- 
lable on the molecular symmetry of this molecule in the free state. The crystal 
structure has been fully worked out by Nordman et at (1960). 

To facilitate understanding of the assignment of observed frequencies to their 
functional groups, a few salient details on the structure of the anhydrous 
(;itnc acid molecule are given here. The aliphatic chain Ci—Cs is approxi- 
mately planar, but is slightly bent away from the carboxyl OsCflOg. All 
the carboxyls are coplanar with their a-carbons. The carboxyl group O1C1O2 
IS at an angle of 3.3°, while the carboxyl O3C5O4 is approximately at right angles 
to that plane. There is approximate parallelism between the carboxyl OsCgOfl 
to the plane 0^0307 containing the a-hydroxyl. In the unit cell the carboxyl 
group O1C1O2 is coimected by tw'O equivalent hydrogen bonds to an equivalent 
group across a ctmtro of symmetry, i.o., the bonding is of the dimer typo. 

The free state symmetry of the molecule is only and the site symmetry 
is also Gy although wo could consider (7, to be the approximate site symmetry 
from the view point of the structural details already given above. Since in the 
present wmi’k we have aimed at only the characteristic group frequency assign- 
ments and not the assignment of symmetry species of the modes of vibration, the 
site symmetry has not been discussed further. The observed frequencies are dis- 
cussed below in terms of their functional groups. 

CHg frequencies 

The antisymmetric stretching frequencies of this group appear in the region 
2920-2948 cm-^ as a broad region of absorption and the symmetric stretching 
frequencies appear in the region 2886-2896 cm~^ in the mull spectrum. These 
frequencies are absent in the K.Bt pellet spectrum and this may be so because 
the pressure applied might be too high and some solid state reaction might take 
place between KBr and the substance. The region 1100-1400 cm~^ is a little bit 
complicated, in the case of carboxylic acids having a number of COOH groups 
and because of waggings of CHg group some of the skeletal frequencies and 
carboxyl group frequencies appear in this region. So in this region assignments 
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^I’ahle 1 Infrarod froquencios of anhydroup citric acid from mull and KBr 
pellet spectra, with tentative assignments, 700-4000 cm“^ region. 


Itaman frocjH. from Infrared freqs. 

Landoll & BoniHtein (lOfil) present authors 


Froq Intensity Freq. cm ' Intensity 


Assignment 


41!) (1) 

687 

— 775 

870 (1) 6281 

937/ 

— 960 

— 1044) 

1071 (1) 1073 1 

1207 
1280 
1307 
13281 
1342 J 
1407 1 
1413 J 

1442 (1) 1426 

1430 
1400 
1689 1 
1695 } 
1704 J 
1716 

1730 ^ 

1739 (0) 1741 V 

1749 J 
2325 1 
2340 J 
26301 
2660 J 
27341 
2776 J 
28461 
28601 
2886 

29201 

2984 (b) 2948 J 

3203 

3277 

3343 

3307 

3486 


— 

C 

w — > 

Anglo deformation 


0 0 

m 

CHg rooking 

w 1 

C-C bending and OH out of 

10 J 

piano bonding. 

w 

CH 2 rocking 

w 1 

C-0 strntohes of C-OH 

w J 


m 

C-C stretching. 

m 

C-0 stretching of carboxyl 

vvw 

CHa wagging 

m -> 

- OCO bonding of CO OH 

m 1 

CHa scissoring 

m.hr J 


m.br 

C-0 stretching 

m 

C-OH deformation 

m 

CHo scissoring 

1 

C 0 strotohing 

Vft J 


vs 

— 

vs |- 

OH strotohing lowered due 
to hydrogen bonding. 

Irtiiks 1 

__ 

vvw 6r| 

^ OH frequencies lowered due 

1,0 hydrogen bonding 

vvw.br 

— 

s.bv 

— 

s 

CH 2 stretching 

-> 

CHa stretching 

m.br 

m.br'\ 


' 

O-H stretchings 

m V 

(fundamentals and overtones 

vvw j 

and combinations) 

s.sh J 
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aro made in (lomimrison Avilh tho aswgnmonts for adipir- acid duo to 
Anantanarayanan (1964). Tko other freqiioncios of this group appear at 1400, 
1413, 1407 cm-^ assigned to OHg scissoring modes and at 1307 cm“’ a broad band 
assigned to OHg wagging nu»dos. The rocking vibrations of this group appear at 
960 and 775 cm“^. 

COOH frequencies 

The frequencies at 1689, 1694 and 1704 cm-’ are attributed to C 0 stretch- 
ings of this group These frequencies are in accordance with the fact that there 
is dimerization in the unit coll. From the literature it is kiU)Avn that tho dimer 
type molecule will give C -= 0 strot(ihing frequencies in tho range 1690-1720 
cm-’ Tlio otluir froiiuoncies of this group, namely C— O stretchings appear at 
1280, 1425 cm-’, the COO angle bendings of COOH group appear at 1328, 
1342 cm'’ and tho angle deformation frequencies appear at 687 cm-’. The 
assignments arc given in table 1. 

C — OH frequencies 

0 — Q stretchings oi this group appear at 1073, 1044 cm“’ and the C OH 
in plane bending appears at 1430 ora-*. Tlvose arc given tlie assignments in oom- 
parison with other compounds coiitainiirg C — OH group. 

0— C frequencies 

Tt is known from tho anhydrous citric acid molecular structure given in 
figiij’o 3a that the molecule consists of a zig-zag chain of carbon atoms and so one 
should expect the CC group to give rise to stretchings and bendings. The fre- 
quency at 1207 cm“’ is attributed to the stretching vibration of this group and 
tlie band at 928 cm"’ is attributed to the bendings of this group. 

Hydroqen bond frequencies 

Tho range of these frequencies is identified using tho details available from 
Hadzi (1965), According to Hadzi these bands form a characteristic trio near 
2800, 2500 and 1900 cm-*, if tho carboxyl groups act as proton donors but 
thoy aro somewhat lower (about 2700, 2200, 1600 cm-*) for hydrogen phosphate 
and similar groups. TIius the frequencies in the range 2776 to 2326 cm * and the 
frequencies at 1749 to 1730 om-> assigned to the OH stretches are lowered due to 
hydrogen bonding. Except for identifying the range of these frequencies, any 
other discussion is difacult in tho absence of studios on single crystals. 
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(1) KBr pellet Bpectnim (2) mull spectrum, TOO— 4000 cm-^ ; NaCl optics, PE IRS— Model 221. 




cm-1, NaCl optics PE IRS— 
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Figuro 3a, Anhydrous citric acid molecule with H atoms removed. 



Figure 3b. Hydrogen bondmg and molecular paokUig in anhydrous citric acid 
unit cell. Unit cell-dimensions ; a — 12.82A, 6 = 5.62A, 

c = 11.64A, space group Z >=i 4 molecules. 
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Effect of radiative heat transfer on the propagation 
of cylindrical shock waves 
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A similarity solution for the propagation of intenso cylmdnoal shook waves has been 
obtained. By tho introduction of radiative heat flux the singularity in a solution of Lin 
(1954) is removed. It is observed that the tyi>o of configuration obtained and also the 
rate of propagation of the bounding shock depends on the amount of energy released 
and the density of the ambient air. 

Intkoduction 

Under coitain ijhysical conditions it is some times found that tomperatui’es 
are high enough for tlio hydrodynamics to bo affected by radiation terms namely 
radiation flux, energy and pressure. Equations governing the flov' in these cir- 
cumstances wore formulated by Thomas (1930). Marshak (1958) obtained simi- 
larity solutions of tho radiation hydrodjoiamic equations for particular cases, 
when there was a plane symmetry and radiation energy and pressure were negligible 
although tile flux was important, the cases he considered are those of (a) constant 
density (b) constant jircBsure and (c) power law time dependence of temperature. 
Th(‘ extent to which jiTobloms in radiation hydrodynamics might bo tatMed by 
similarity luothoils was investigated by Elliot (1960). In particular he 
studied the problem of an intense point explosion and it was found that tho type 
of configuration obtained as well as tho rate of propogation of tho bounding shock 
i\'as dependent on tlie amount of energy released, and on tho density of the 
ambient air ; in this respect the solution differed from that obtained using only 
the hydrodynamic equations. 

Lin(1954) and Sedov (1959) investigated the flow behind a cylindrical dis- 
turbance bounded by a strong shock wave v^liich resulted from the instantaneous 
release of a finite amount of energy per unit length along a line. An exact ana- 
lytical solution of this problem was obtained by Chakraborty (1962). In these 
solutions fcliere was a singularity at the axis of symmetry Avhere both tempera- 
ture and temperature gradient became infinite. This singularity could be re- 
moved by introducing heat flux in the problem- 

In the present paper we have extended Elliot's analysis to investigate tho 
flow behind a cylindrical shock wove. Radiative heat flux is included in the 

•Present address : Defence Besearoh Laboratory (Materials), Post Box No. 320, Eanpur-4. 
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pr()l)l(Mii, though AV'f) aHsuiiio that tho tojnperaturos are low enough to justify nog- 
hiotijig radiation (uiorgy and prewsuvo ronii)arcd to niatorial energy and pressure. 
We iiaye used the diffusion approximation for tlie radiation flux. The losses 
of imergy from the disturbance are neglected, which makes the total energy of 
the blast a constant 


Fundamental Equations 

The how is governed by the usual hydrodynamic equations uitli some modi- 
fications to include radiation flux. Tlio radiation iiressuro and energy are negle- 
cted as coiiiparorl to materjal pressure and energy, but at tlio same time it is ass- 
lumvl that tin* temperature of the matter or more precisely the radiation density 
IS so high tliat tlio energy transfer is accomplished basically by radiation 

The eipiations of continuity, momentum ami onergj^ foi’ cjdindrical Hyiuiuotry 
ai'o 


I ] f3 , . ^ 


( 2 . 1 ) 


'’“-I •/, I * - n 


J dE , dE \ 


/j/f7p 

p[(y 




-• (2.2) 


(2 3 ) 


where p, />, ii and denote tlio pressure, density, material velocity and intomal 
energy per unit mass, respectively, and F is the flux of j-adiation 
Foi an ideal gas wo have 


{r-i)P I 

I 

p = pRT J 


( 2 . 4 ) 


Alao asHuming l<.oal tliarmodynamic oqu.libri.ini aii.l taking the radiative diffusion 
approximation we have, 


whore a- is the Stefan-Beltzmann constant and A the moan free path of radiation. 
SlRULABITY TeaNSFOEMATIONS 

We now introdneo the similarity assumptions for this flow as follorvs 

P = PoR’fi, 




... ( 3 . 1 ) 
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Avher© R is the radius of the shock wave forming the outer edge of the disturbance, 
pQ tlie density of the undisturbed atmosphere, Ox, /i and are functions of r/ 
whore, 

^ = rfR 

Substituting (3.1) in (2.1) wo get 

^<s>i+wrwi+<s>iM\ = (3 3 ) 

Tlio left hand side is a function of only whereas the right hand side a function 
of t only. This can bo satisfied if 

R~^ . ^ (constant) (3 3) 

at 

Substituting (3.2), (3.3) in (2.2) we get 

= 0 ... (3 4) 

In order that the equation may be satisfied identically wo must liavc fi — 2a 
Finally equation (2,3) is transformed to 

L2a4A+(4).-4i/)/'i+rA(®'i+®,/>/)Jie»‘+(r-i)^‘ • (vfi) = o 

we find that = 3a so as to satisfy the above equation identically. 

Equation (3.2), (3.4) and (3.5) may bo retlucod to non-dimensional form by 
substituting 

<Di = 

A = 4Y - (3-6) 

Thf) resulting equations wliich contain only one parameter y are 

(a>'+0/t/)+(0-i/)iA’7\^ = 0 ... (3.7) 

(<D_^)<I>'4.a<D - -^/7^ ... (3.8) 

2a/+(<I>-7)/'+r/(®'+®W+fci^. = 0 ... (3.9) 

Wo aholl now discuss the similarity form of the equation introduced by the 
flux of radiation (equation 2.6). The mean free path of radiation, in general, 
is a complicated function of temperature and density. However, to simidify 
the problem it is assumed that A can be Avritten in a form of power laAW 
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A^A^T^iplPo)^ - 

I-_^’-=-^-“ .(SIf) - (3.11) 

whore " Bp R 

Subatitutiug (3.1), (3.6), (3.10) and (3 11) m (2.5) wo got 

^ ^am+G (3.12) 

3/?o 

This oan ho satisfied if 3a = 2a(mH-4)— 1, Avlueli gives 


We tliei'ofure have 




iC = 42?n+5 (^)-(W+4) 

^/Jo 

The constant a is determined from total energy consideration and n is Ihen/lotor- 
mined by fitting the moan froo path law (equation 3.10) to mean free path-toni- 
lioraturo data. 

Total Ekeroy Considerations 

The values of A and a are determined from the rate of cliango of total enex*gy 
of the configuration. {Suppose the disturbance lies between radii hR and R 
where h is a constant and 0 ^ /* < i. Then the total energy is given by 

E,ji = 27r^(E+Jw^)prd7 

= j ir ( ... (4.1) 

ie Ej, PqA^RR^'^^'^ ( 4 , 2 ) 

If Ej, remains constant with time, then wo have a = — 1 and 

... (4.3) 

In this case it is possible to got a first integral from equations (3.7) to (3.9) 

i = ... (4.4) 
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Shock Conditions 

We are conBidering here a problem where the disturbance is bounded by a 
strong shock front. Three boundary conditions are provided by relations at the 
shock and the remaining one by the value of the flux at some flxod boundary. 
We then have a double boundary value problem. 


The three conditions at the shock are given by the principles of conservation 
of mass, momentum and energy across the shock, namely, 


Ps{U~Ug) = PqV ^ w. 

... (6.1) 

P»-Po = mi.U8 

... (5.2) 

E,+^’+i(U-u,)^ - = iSo +S^+iU^- -» 

ps m, pQ m. 

... (5.3) 

where suffixes s and o denote conditions behind and in front of the shock, respec- 
tively, and U is tlie shock velocity. We consider a very strong shock wave and 

as such F(, — Py = 0, wo got 


= U 

(5,4) 

r 

(6.5) 

v’lxore fi — p^Ipq 

(5.6) 

Also equation (5.3) siniplifles to 



(5.7) 

If we put terms in their similarity form wo got 



(5.8) 

and 


i> = (t.-i) [ ^-1^*] 

(5 9) 


From (6.9) is determined in terms of fs If were known explicitly in terms 
of and then (6.8) and (6.9) would be sufficient to determine and all 
other quantities behind the shock, when it involves a derivative as in the case 
of (2.6) we r^uire another boundary condition to determine 
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Eqiiat).)!! (3.7) and (3.8) for a = -1 become 

... (6.1) 

('O f4»/?)+(®-)/)i^''M = 0 

(®-)/)®'-® = -/'M 

... (6.2) 

Instead of (3 9) we use the energy integral (4.4) whicli becomes 



... (6.3) 

For a -- -1 , equation (3 13) gives m = -3, the mean free path is 

then given by 

' Pa ' 

... (6.4) 


Sinco wo have introduced radiative diffusion in tlio problem the moan free 
patli of radiation is restricted in tlie form given by equation (6.4). Tins rcstrictJon 
fortunately allows for a variation of moan free path which is not unrealistic fov 
temperature in air under Equation (6.4) was fitted to the well known data 

foi’ variation of moan free iiath in air with temperature and v'o got for v a value 
^ — ;j/2 Equation (:n4) then gives 


AvheT'O, 


'^Po 

Eliminating/' and f' with the help of (6.1) and (6.2), equation (6.5) gives 

<!>'[ (*-’/)- ) = «*[ 1 + ^’^ - <«•«) 

Tf for any value of r;, /, O, // and f are known their values can bo computcxl 
step by step for other values of . 

Two of the boundary conditions required in integrating these equations are 
the shock relations (5.8). The third shock condition (5.9) is automatically satis- 
fied by ^ which is given by the relation (6.3) or (6.5). Assuming no heat source 
at the centre the third boundary condition is | ~ 0 at if ~ 0. 

We, therefore, have a double boundary value problem. By suitably scaling 
the variables we can reduce it to a single boundary problem. W© assume that 
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pressure and density are finite and non-zero at the axis of summary i.e, at = 0, 
/ = /o make the following transformations. 



® = eoO, 

T=flU 

V = Co?/, 

1 — ^0^ 

/o' 

f = flfo 

... (6.7) 

where 


= ^olfo 


... (6 8) 


Making use of those transformations, equations (6.1), (6.2) (6.3) and (6.6) become 
(®— ... (6.9) 
( 0 -^) 0'-0 ... ( 6 . 10 ) 

i = (v-m\ — ...(6.11) 

L {y-l)f i 

\ (0-97) - -—J-~ - O f 14---^'-- 1 + “t— ... (6.12) 


whore, K = 

The boundary conditions become 


<I) = ^ = 0 “ 

^-/=1 . 


at 9/ = 0 


... (6.13) 


To find at tliat value of ^ the bounding shock occurs v e used the shook conditions 
(5.8). Tlic shock will occur where 

^? = eo^ = eo ... (6.14) 


= ^0^ 



... (6.15) 


and 


'^f}) 


... (6.16) 


Hence the shock occurs wkere 

= 0(^-0) ... (6.17) 

and the values of the scaling factors and the density ratio across the shock can 
be obtained from (6.14), (6.16) and (6.8), 
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Analytico-1 solution of tho equations (fl !)) to ((3.12) near the axis of symmotry 
vi^a.s ol)tainofl ft is of the form 


o = f - I 

jf l l-|-a„»/ ... (0.18) 

wliore 

^ 

“ 4%-l) 


Tlio approximate solution near the centre of s37-mmotry given by (6.18) shows 

that 

(J>' 0 when fj = 0 ... (6.19) 

and substituting the.so values of the derivatives at the centre, integration can 
be carried out bj" numerical means to obtain tlie variation of O, /, f and f wuth 
increasing for various values of K. 


Discussion op Results 


For the explosion in air, tho value of y was taken as 1 2, this being approxi- 
mately true for pressures of 10 to 10* atmospheres and temperatures between 
20,000 and 200,000°K. A series of values of K, the constant introduced bj’' th© 
exiwoBsion for radiation diffusion wore used. The variation of O,/, ^ and RT 

with rj is given in figures 1 to 5. Dotted curves give Lin’s solution for y — 1.2. 

For A — 500 the effect of heat flux is substantial throughout the disturbance. 
The point of maximum heat flux is at the shock and the temperature is rendered 
almost uniform by^ transport of radiation energy Tn this case the density^ ratio 
across the shock is 2 79, compared with 11 when there is no radiation at the shock 
so that the mass of air just inside the sliock is less and an appreciable amount 
of engulfed material lies in the central part of tlie disturbance. 


As K is decreased the point of maximum flux moves inwards from tho sliock 
and radiation becomes negiligible in the outer regions of the disturbanco. The 
value of tho density ratio across the .shock also increases as K is decreased, for 
K - 100 and 10 the density ratio being 3.85 and 10.83, respectively. For K = 10 
most of the engulfed air lies in a tldn shell behind the shock and the pressure 
profile IS approximately tho same as that of no radiation flux case 


TUe partido volodly at the ahock front decreases as K is incroased. As one 
moves from the shock front towards the axis of symmetry, the particle velocity 
at hrst decreases very rapidly and then tends to zero as the axis of symmetry is 

approachecl. Moreover, for a higher value of K, the particle velocity approaches 
the axis at points closer to the shock front. ^ 
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CONOLTJSIONS 

When the effect of ratUative heat flux is uonsiilored in tlio problem of an 
intense cylindrical explosion, it is found that the typo of configuration obtained 
as well as the rate of propagation of the bounding shock depends on the amount 
of energy released and on the density of the ambient air. For a high energy ex- 
plosion the solution is considerably affected by the radiative heat flux. 
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In this paper partial differential equation governing heat conduction in a moving 
orthotropic solid rod with square cross section has been solved. The finite rod is initially 
kept at n givoii temperature and temperatures at both ends are supposed to be known. 
Some oxamploB and their numerical caloulations have also been added to indicate 
applications of the solution. 

Introduction 

Tho problonis of energy distribution in anisotrojiic and ortho tropic solids are of 
practical iniportanco. iSuch iiroblems occur when we consider Ixeat conduction 
m crystals, rocks, wood and laminated materials such as transformer cores etc. 

Carslaw & Jaeger (1959) suggested a few problems of those solids treated 
under ordinary conditions. But in applied physics wo come across many cases 
in whicJi it is required to determine unsteady temperature distribution in ortho- 
trojiic solids of different shapes moving in conductive media. No mathematical 
treatment of such problems has been considered so far. 

In this paper wo attempt to solve a jiarbial differential equation govonung 
lioat conduction in a moving orthotropic solid rod with square cross section having 
a source situated inside it. Initially tho solid is kept at a prescribed temperature 
and tho temperatures of both extreme bases ore known. 

In one simple case of boundary and initial conditions we have calculated and 
computed numerical values of the temperature and subsequently discussed its 
variations witli respect to important variable quantities. 


Equation of Motion and Boundary Conditions 

Tho partial differential equation of heat condition in a solid moving along 
tho direction of z-axis with a constant velocity U, is given by 



♦The work hee been supported by tho Council of Scientific and Industrial Besearob, India. 
Present address Department of Mathematics, M.A. CoUege of Technology, Bhopal-7. 
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wlioro Ky, K2 are conductivities along the directions of the principal axes, 
Vi 0 Is intensity of continuous source of heat situated at the point y, z. 
Consider a rod of length I with a square cross section and let the material 
bo orthotropic in xy piano, assuming, 

= Ky^k{l-y% K, = k 

Qi^c, y, z, t) = (Ci+(Jaa5) ~ +(Ca4-C42/) ^ ■\-au-\-h-^p{x, y, 2, t)\ ... (2) 

<^2) Cjj, C4, a and 6 are constants and p{x, y, z, t) is an arbitrary function of xyz 
and t. 

The mathematical statement of the conditions are given by 

u{x, y 0, 0 — y J)> <> 0; u{x, y, 2, 0) = v5^(a^, y, 2) ; 

u{x, y, ?, /) = 0, t> 0. (*3) 

There is no radiation from the long sides of the rod. The equations of both 
side ends are given below. 

SOLTTTION OF THE PROBLEM 

To solve the problem wo use the Jacobi transform of two variables as defined 
hy Saxena (In press) : 

( /(l-*)*(l+a)fl(l-s>r(l+3/W.*>W 

xP„*'^i>^y)h(x, y)dxdy ... (4) 

provided a, /ff, y, J > —1. 

The inversion formula of the above transform gives 

h(x,y)=^l X - (S) 

m«o n«o 


where 

. ^ 2°+^+^r(m+tf+i)r(m+/y+i) ^ ^ 2^+fi+T(w+y+i)r(n+g4-i) 

^ ?rt!(a-l-/?+2m+l)r(?n-l-a4-/^4-l) ' " nt(y-|-J+2w+l)r(?i+yH-J+l) 

(6a) 

Also, we have the following theorem : 

If (i) the function A(®, y) and its partial derivatives ^ ^ are bounded almost 

continuous in the square —1 —1 ^y^l, 

(ii) the second derivatives ^ and are bounded and integrable at 
oar oy* 

each point of the square given in (i) 

7 
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(lii) tho Jacobi transform of two variablofl of A(a5, y) exists. 


and 


*-»±i »-»±i 


lim (l-yr+‘(l+J/P‘fe(*.2/) 


lim (l-j/r+'(l+J/)«+‘^* = 0 
/->±i 


then, 

J{h{Xt V/)} — — {m(m-| ad-/?-l-J) 2/)} 


whore 


G{h{x , «/)} = (l-a:)-*(lH-a:)-fl ^ 

+(l-j/r(i+2,)-«|-{(l-2/mi-|-2/)»« g) , 


Now substituting tho values of Ky, and Q from (2) in (1) with the as- 
sumptions 


~2k ’ 


~ljr' ^ ’ 2A; ’ 


taking Jacobi transform of two variables of the same equation and using (0) we 
obtain 


where 


d^j _ ^ d'Wj 

dz^ k Bz 


—Auj — 




... (7) 


Uj{z, t) = J{a{x, y, s, <)}, pj{z, t) == J{p{x, y, z, t)), 

A — — Q/jk and B = bSfuSfi^. ,,, (7a) 

The conditions (3) reduce to 

MO, 0 = uj{l, «) = 0 and Uj{z, 0) = t/rjiz) ... (8) 

where 


y, t)} and i/rj{z) — J{\lr(x, y, 2 )}. 
Here we use the well known Laplace transform defined as 
L{h{t)]^l e-»'h{t)dt 

0 


... ( 9 ) 
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anti the following inversion formula associated with the transform : 

i/+i« 

h(t) = -^ I e^Hhmdp, V > 0. 


... ( 10 ) 


Also wo have 

i| I =P"iW«)}-?>*-**(o)-j)”-*V(0)-...-ft'»-ii(0). ... (11) 

Multiplying (7) by e~^ and integrating with respect to t from 0 to oo and 
using (11) we get 


d^v U dv / . , cp\ c , , V , V 5 

^ -Td7- ( ^+t) " = -J p . 


where 


where 


viz,p) = L{uj(z, 0 ), (r(z,p) == L{pj(z, 0 ) 
Now, with the help of the conditions 
V(0,p) — d{p)y V{l,p) = 0 

0{p) = HMl 


the solution of (12) is obtained as 

Vz 


{5(p)-7(0,j9)}e2» Binh j {^,+A+ f )* (J-^)} 


v[z, p) = - 




p)e “ cosh I l^li+A+ 


+ 


where 


+‘(S+'‘+f >"+®('‘+f)'‘ 

c 

V{^.p) = a ~ -T, [ f "I" } * 

K 

_e*«* J I fj{z)+<r(z,p)}dz'\ . 

0 


(12) 


(13) 


(14) 
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In tliifl way we obtain the value of v(zp) in terma of the known quantities. 
Tlio value of u{x, y,z, t) can be obtained with the help of (10) and consequently 
using the inversion formula (6). ^ 

The value Qiv{z,p) thus obtained is in a complicated form. Hero we cal- 
culate its value for a simple case. 

Let I . , 

f{x, y, z) = 0, p{x, ?/, 2 !, t) = 0, (p{x, y, t) = l^xy 
In tliifl case we have 


?j(2, p) = Dje^^ 


sinh 1 1 


1 

(i- 

*>) 

p sinh 



1 


where 


Dj = J(100:c2^) 

Using the inversion tlieoroin (10) and the well know^n result 


L(c-“*) = 


1 

p-{-ot 


w'o arrive at 


(15) 


1 'Y“ “ l(4fc»+^+l) 

uAz.D^Dj. — .-cyu Tr 

..... p8mh((-^+4 + | Z} 


kli -v' 


(16) 


The integrand of (16) has simple poles at p = 0 and for 


that is 


^ g > »— i,u. -j... 


^kc 


Evaluating the residues at those poles we get 
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. 27 ) ,77 bT ( — IV rai-n f ^^{7 ' 


IU‘ 

r*;rn 

\4Jfc2^ 





Finally, applying the inversion formula (6) wo obtain 


u{x, y,zj)= H S 

in=iO 




[ ^2 sinb I ( 


+ 


ifcP 


(17) 




(18) 


2Dj7t 2 )t — 1)^ r sin {ir7r(Z— z)/Q \ik ^ l^c ) 

2- - ■ja2—rv'\ ^ 

Ui^+p~) 

Avhore and S^n aro given in (5a) and A and B are given in (7a). 

Now if i tends to infinity i.e., allowing it to roach steady state conditions and 
substituting the value of D obtained with the help of (15) the integrals 

= ... (19) 

-1 l(aH-;?4-5) 

/(l--.r)«(l+3:)'‘^PiW) = ... (20) 


-I 

no arrive at 


J* (1— a:)“(lH-a;)^a:P„/“’^^(a;)rfa: = 0 for w> I ... (21) 


u{x, y,z,t)t^^ 


Di 

lOOe" 

(a+p+2)(y+S+2) 


(^-aKi-y)sinh ((^-|)V-.)} 


X 
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{8^-y){{a-]-P’’\-2)x-\-a,~ 

-/?) sinh 1 

[(£=“1+“+^+^ ) 

i‘ («-*)] 

sinh 1 1 


'‘-1 

[ 


_l_ {(<^H ~ /^4-2)a;-f ^}{(y+^+2)y4-y~~^} 

( ( 4 ?"*'+“+^+^ ^'''+^1 * 


( 22 ) 


Fui tlun’ in tho expression (2) of the intensity ^( 3 -, y, z, t) wo take 

Cj Cg — fej C 2 — ’ 0 

which gives 0 L = fi — y = d— — J 

In this case tho expression (22) reduces to 


u{x, y, z) — lOOxyc'^ 


{(Z-l 


... (23) 


wlieve u{x, y, z) r~ u{x, y, z, 

Hero wo discuss two different cases depending on tho values of P, k and a. 

Case 1 : 


a > 4 I- + 2 A:, 

4k 


This case may arise when a remains constant and the motion of tho solid is 
slow or U is known and k large 

For the sake of convenience wo take 

a _ Z72 ^ 7 , 

k 41^ 4 ’ * “ ’'■ 

so that tho expression (23) takes the form 


u(x, y, z) = co8| 


(24) 
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Tlio Isothermal Surfaces for m == T are given as 


2i 


xy cos j = 


T 

lOCT 

for 

17 >0 

... (25) 

T 

100 

for 

U ^0 

... (26) 


In the later case the Isothermal Curves at the plane s — — are shown in 

jigiiro 1 , for T — 5,10,20,25,30 and 40. Tlio variation of ieniporaliiro m this case 
along any lino parallel to the s-axis will bo a simple cosine curve. 

In the general case {U >0), the variation is shown in figure 2, We have 
considered the line x ~ y — 0.5 and tlie cases Ufk — 1 and V jh = 2. 

If we give different values to the velocity U we obtain different values of 
tomperaturo considered at certain fixed points. 


Table 1. Temperature corresponding to different values of 
Ulk at 0.2, 0*1 and 27r/3. 


UJk 0 0.3 0.6 0.9 1.2 1.6 1.8 2.1 2.4 2.7 3.0 

u 1 1.37 1.87 2.66 3.61 4.81 6.69 0.02 12.34 16.90 23.14 


fji 

Case 2 : a < ~|-2A;. 

4:k 

This case may come for rapid motions of the solid or small values of k. J'or 
simplicity we take 


± 

4^;* k 


so that expression (23) takes the form 

u{ 3 c, y, z) — lOOxye^ sinh (?— 2 )/sinli I 
Isothermal surfaces are of form 

El 

asye®* sinh = constant, for 17 > 0 


and 


... (27) 

... (23) 


xy sinh (l—z) = constant, for C7 = 0 


... (29) 
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Variations ol' tomporature along ilio direction of z-axis is in figures 

3A and 3B. 

The examijlos and numerical calculations for unsteady state distributions 
and more general e(jnditions may lead to certain interesting results of practical 
importance. Tlioso results will be reported elsewhere. 
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Letters to the Editor 


Field measurements in d. c. & h. f. gas discharges 

By D. R. Gupta and G. L. Gupta 
Department of Physics, University of Jodhpur, Jodhpur 
{Received 8 September 1969 — Revised 25 February atid 18 July 1970) 


Engol ajifl Stoonbeck (1934) have given a theoretical equation fo the field strength 
E in the phiBma of gas discharges : 


V 3 ■ ie V e *\ Vi 


( 1 ) 


where b,^ and be, are mobilities of positive ions and electrons, Z is the number 
of inelastic colhsions for ionisation, the mean excitation voltage, k the 
Boltzmami’s constant, V, the ionisation potential, Tg the electron temperature, 
c the elocti’onic charge and R the radius of the tube. 

Further, the minimum field in the very high frequency region of the dis- 
cliarge was obtained by Brown and MacDonald (1951) by equating the number 
of ionising collisions to the number of collisions to diffuse out of the tube. 
Thus for the h f, plasma -where the frequency of the field is smaller than the 
collision froquencJ^ the field strength E is obtained from the equation, 


E 


A 


1 ikTgVi 

A ‘ \ c 


iv'horo A is the diffusion length given by 


( 2 ) 


(i-r-d-HTr 

whore L represents the length of the discharge tube. 

Kojima, et al (1953) have pointed out that equation (2) does not contain 
tire frequtmey of the field and that it may, therefore, be applicable to d.c. 
field too. Both the equations (1) and (2) indicate thatE. Rg = constant, Eg 
being the equivalent radius of the discharge tube given by, i2o = 2.405A. _Tho 
value of E.Re was calculated by Kojima et al for a discharge in argon. 

This note presents the field strength in discharges in argon and neon at various 
pressures on .the basis of the determination of the electron temperature under 
d.c. conditions. 
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A series of careful and systematic experiments conducted in the plasma of 
neon gas (and in argon too) established that the values of electron temperature 
obtained by Guj^ta (1956) with Langmuir probes are reliable in the pressure region 
of 0.0062-0.77 mm of mercury. Using probes of thin wire (diameter —0.045 
to 0 116 mm) kept in the positive column of d.c. discharges of current density 
0.7 to 3.5x 10~® ampero/cm®, he measured electron currents for varying potentials 
of probes with respect to the anode, and the electi on temperatures were obtained 
from the usual semi-log plots. The design of suitable probe for this puipose 
Jias also been described (Gupta 1956) 

From the observations made with argon, the values of the field strength 
under given discharge conditions have been calculated by the equation (2) men- 
tioned above and the results in tabulated form are given below. 

Table 1. For argon 


JPressuru 
?j. (mm. Hg.) 

p.Me 

(mm. Hg. cm.) 

Te 

(experimental 
value for d.c. 
jjlasma) °K 

Mean fiee 
path in cm. 

Elp 

volt /cm. 
mm. Hg. 

ERe in volts 

0 0096 

0.028 

85,000 

4.44 

1200 

33.60 

0.013 

0.038 

31,000 

3.28 

636.3 

20.34 

0.77 

2.26 

14.100 

0.065 

6.071 

13.68 

This study has been extended b 3 r the authors to exjiorimcntal observations 
for d.c discharges w neon gas for whicli the l•esults are given below. 



Table 2. For noun 



I’l'OHBure 
p (mm. Hg.) 

li.ll 

(mm. Hg. cm.) 

(experimental 
value for d.c. 
plasma) °K 

Moan free 
path in cm. 

itf/p 

volt/cm. 
ram. Hg. 

ERe m volts 

0 036 

0.106 

61,800 

2.30 

319.4 

33.62 

0.064 

0 187 

66,600 

1.29 

170.0 

31.84 

0.096 

0 281 

42,800 

0.803 

99 66 

27. 9B 

0.34 

0.994 

31,000 

0.244 

23.96 

23.81 

0.67 

1.959 

26,200 

0.124 

11 . oa 

21.66 
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Polarised absorption spectrum of Fe’*"'" doped 
in CsCdCls at 77°K 

By Ran a jit Ke. Shaha and A. Bose 
Indian Association for the Cultivation of Science, Jadavpur, CalcuUa-^2 

AND 

Mihib Choudhuey 
Presidency College, Calcutta-] 2 
{Received 31 March, 1970) 

In order to study the energy levels of Fe2+ in a ligand field provided bv an octa- 
hedron of chloride ions, wo have grown a single crystal of Fe'-^^-doped CsCdCla 
from melt at 485°C by Stock-Berger’s method. The crystal structure of CsCdCls 
lias been reported by Siegel and Gebert (1964). The space group is CJmmC, 
Z — Q. Six Cl~ ions form a trigonally distorted octahedron around the central 
metal ion. Tiie polarised absorption spectrum of the doped single crystal, cooled 
to 77°K in a cold-finger type dewar, was measured with Zeiss VStJ-2 spectro- 
photometer. 

The electronic ground term of Fe^+j which incidentally is the only quintet 
term for the d® configuration, splits under the octahedral crj^stalline field into an 
upper doublet ^Eg and a lower triplet ^T^g state. The separation between them 
gives the measure of 10 Dq. The small trigonal field present in CsCdClg splits the 
lower triplet further into a singlet MjlGg,,) and a doublet ^EiC^^) leaving the upper 
’^EgiO/,) unsplit (figure 1). The upijer state might be split by the spin-orbit inter- 
action or by the combined action of the trigonal field and spin-orbit interaction, 
but such splittings should be small (<100 cm“^, Bow 1960). A large splitting of 
the upper Eg state, may, however, bo caused by tetragonal Jahn-Teller distortion 
through the vibronic mechanism. Figure 2 shows the recorded polarised spectrum 
at 77"K. 

We have assigned the absorption band at 6452 cm“^ to the ^Tg,g-^ ^Eg transi- 
tion and calculated the observed Dq to be - 645 cm'^ This is low in comparison 
with the Dq observed with Fe®+ in oxide ('^1030dt20 em“'. Low 1960) and in 
OH~ complex ('^ 1080 cm~^ Cotton Mayers, 1960). This low A’-ahie of Dq is 
obviously due to the large Od-Cl distance in our case (2.59 A) and the difference 
in the ionic radii of F©®+ (0.83 A) and Cd*+ (1.03 A). It is interesting to note 
that the present octahedral value of Dq is comparable to the tetrahedral 
i)j'-v5I0 om“^ observed for FoCl^*" in chloride melt (LiCl-KCl, Gruen and McBeth 
1962 ). 
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Tlw ;i)), sorption .spectruin at 77°K (figure 2) shows that band splits 

jnto two roinpononts at 5210 cm and 6370 cm~^. This splitting is piosuniably 
duo to tlio Jalm-Tollor distortion of the upper ^Eg state. The lack of polarisation 
ol’ tlio bands agrees with this asignmcnt. The separation of 1160 cni"^ c»f the 
coiTiponents, Avhich measures the magnitude of the Jahn-Teller distortion, is less 
tlian tliat observed for surrounded by an octahedron of (OH )“ ions ( ^ 200()( m ^ 

Liehr rfc Ballliauson 1968). This is in conlormity witli the lov strengtli of the 
cT-ystal field in tlie present case 

Tn addition, wo have observed a liand at 26040 cin-^ with high extinction coeffi- 
cient. Tliis is ascribed to the charge, -transfer transition involving transfer of an 
ehudron fioiii the Cl-ligand to the metal ion. In the molecular orliital scheme 
it IS assigned to the transition (figure 3) t^u (ligand)— > i.^g (metal). The direct 
piodiict of t^Xti breaks into T^, T.,, Ay, Ao Uniler 0^^ symmetry there should 
bo three transitions polarised perpendicular to 0 and one transition polarisisrl along 
(J From the observed iiolarised spectrum at 77°K (figure 2) it is seen that there 
are two transitions in the Cl direction at 26160 cm'^ and 24390 enr ^ and tliori^ is 
one transition at 26665 enr ^ in the Cn direction Tin? magnitude of the trigonal 
field splitting is estimated to lie ne,arly 400 ciii”^ 

The authors have undertaken the magnetic snsreptiliilit}' and anisotro])y 
nu^asurement to corroborate the*, above finding, « 
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Statistically linear mass relation of elementary "^particles 
and its representation by a polynomial curve fitting equation 

By B. j Bhattachabjee 
St. AiUhofiy s College, Shillong, Indio 
{Received 31 March-Revised 21 July 1970) 

It IS found tliat when the atomic weights of oloments are plotted agnin.st the atomic 
numbois, a paiabolic curves is obtained for the first 86 cUmionts which however 
does not liold foi the lost ol the elements (figure 1). In the case of elementary 
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Figure 1. Splitting aoheme for (3d)® (a) octahedral field (b) trigonal field and (c) Jahn-Tellor 
field. 



Figure 2. Polarised absorption spectra of Fe*+ in CsCdCla at 77“K. 
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Figure 3. Molecular orbital energy level diagram for metal hexaohloridea. 
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particles it seems to us (Bliattacharjee 1970) that oxcluclmg photon family, as their 
rest mass is zero or nearly so, we may ascribe a number for each elementary particle 
in the order of increasing mass. Let us call this number as ‘Elonientaiy particle 
number' (E.P.No.), as in the case of atomic number of elements. However, 
its physical meaning remains to be clarified. Plotting this number against res- 
pective ‘Rost Mass’ (R.M.) we find a parabolic curve (figure 2a). Thus the majority 
of elementary particles can be represented by a single curve. The overall sym- 
metry of the curve suggests that there is a definite relation between E.P No. 
and R.M. of the particles. It is true that a few points exhibit largo deviations 
from the fundamental curve. These deviations (;an perhaps be eliminated if wo 
have more elementary particles in thesetregions, On this basis, after postulating 
0 more particles (Set 2), wo have drami the curve 2(6) which sliows an overall 
symmetry. 

The following numbers indicate the R.M. in MEV of Elementary particles : 
Por figure 2a. (Set 1) : .511(e), 106(/^), 137(77), 496 (k), 548(9/), 750(d7r), 782(9/), 

888(k), 937(i\r), 1020(7/), U15(A), 1193(S), 1238(A), 1250(^), 
1290(77), 1318(S), 1385(S), 1405)(A), 1516(#c), 1512(A), 1520(A), 
1530(S), 1605(S), 1660(S), ia76(P), 1688(A), 1815(A), 1860(9/), 
1890(S), 1920(A), 1980(S), 2016(A); 

For figure 2b (Set 2) : 0.51], 106, 137, 220p, 300f), 370jt), 430^?, 496, 548, 640^9, 
70029,^750, 782, 888. 939, 1020, lOOOj), 1115, 1193, 1238, 1260, 
1290, 1318, 1386, 1406, 1460, 1512, 1520, 1530, 1600, 1660, 
1676, 1700, 17252?, 1815, 1860, 1890, 1920, 1980, 2020 

(Numbers associated with p are the particles postulated and other symbols have 
the coiwentional moaning). 

The curves that have been draw'n from considerations of tlie similarity in 
behaviour between elements and elementary particles agree well figuratively. 
We believe tliat the interpretation of the data indicates a compelling evidence that 
the linear mass relation should be given by a poljmomial curve fitting equation, 
viz. 

Y = A-\-BX^OX^^DX\.. 

whore Y ia E.P. No , X is R.M , A, B, C, D etc are constants. Obviously 
our prijno interest will be the values of B, C etc. The values as obtained by 
idectronic computer are given in table 1 for elements and olementary particles. 

It is reasonable to expect that the values should fit into the above equation. 
Unfortunately the agreement is not good. The aim of this report, however, is to 
show (1) that the above is a novel method of approach, and (2) tliat the actual 
values of At B, C, etc may offer' some insight into the internal structm-e of ele- 
mentary particles. ' Moreover (3)there is a-purely^tatistical relation for elementary 
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particles ami (4) also some similarity between elemeiits and elemental^ particles, 
both being ainenaldci to a curve fitting equation. 


Table la. For elements 



2ntl order 

3rd order 

4th order 

5th order 

A 

-1.22831800 

1.66207100 

. 38658000 

-1.13840700 

B 

2 07051030 

1.67414130 

1.96004910 

2.46843820 

C 

.00587743 

.01746495 

.00250491 

— .03776392 

D 


- . 00009086 

.00018220 

.00143930 

E 



— .00000160 

— .00001826 

F 




. 00000007 


Table lb. For elementary particles 

SetT 

2nd order 

3rd order 

4 th order 

6th order ' 

A 

24.38707000 

— 215.30640000 

-277.63680000 

— 219.49380000 

B 

100 70421000 

187.76053000 

220 96402000 

177.46716000 

C 

-1.60056740 

— 7.64324620 

— 11.91073600 

-3.24074600 

D 


.12207461 

. 32579282 

— .36806610 

E 



-.00308609 

.02003633 

F 




— . 00028028 

Set IT 

2nd order 

3rd order 

4th order 

5th order 

A 

— 66.13346000 

-102.61284000 

-62.32042000 

-43.69700000 

B 

74.73282300 

87.23702000 

66.66401000 

60.32073600 

C 

— .62266894 

— 1 36796390 

.88921120 

1.73883200 

D 


.01167310 

-.07087806 

- . 12388310 

E 



.00098278 

.00239492 


-.00001346 



J. SHaitrba.olieLr’jee 






<— ANTt E.P. NO E.T> NO- 


Pig- 2. 
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Hydrogen excitation in H-a collision by second Born 
approximation 

By Jayasri Chowdhury (nc6) Sen and D. M. Buattaoiiarya 
Department of Theoretical Physics, 

Indian Association for the CuUivatioti of Science, Calcutta — 32 

{Received 31 March 1970) 

Previous investigations on the excitation of atomic, hydrogen by alpha particle 
have boon mailo by Bates (1959). Using the impact parameter treatment he has 
shown that Iho introduction of allowance for distortion leads to much smaller 
cross-sections than those obtained by the first Born approximation at low and 
moderate energies. The purpose of our present work is to investigate the same 
problem in the second Bom approximation and to compare our findings with the 
previous results. 

We consider a-particle B to bo moving with a constant velocity v in a straight 
line and the target nucleus to bo at rest at A . Tlie Hamiltonian H corresponding 
to the motion of the electron is given by 

H = — L — A (in atomic units) 

The total electronic wave function may be represented by the expansion 
^(r, t) = S a„(0^« 

n 

where ' 

(pn{r) and e'« being the eigenfunctions and eigenenergies of the hydrogen atom. 
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Tlu*, colliHion is then clescribod hy the We-deiJendeiit Sclirodiiigor equation 

H^{1) ^ -^(O- Troccoding m the cuslumary iiiaimor it can bo shown that 

dt 


“«i («) — * ^ 


( 1 ) 


whore s — vi 

- s f^y.’/'udv 

and Vi is the perturbing potential 

The cross section for excitation from ground state to m-th state is 

CO 

Qm ^ 5 \^m\^ pdpy p being the impact parameter. 

0 

From equation (1) together with the initial conditions 
fq(— oo) 1 

and (x„(— oo) = 0, 7 ^ 1 

i ‘ 

we have, ajs) ^ Smi \- ^ J 1-) 


The Ist Born approximation for is given by 

«»»(*■) — - J (^) 

V — oo 

From (2) and (3) tlie second Bom apiiroximation is obtained. Neglecting the 
effect of all states other than the ground state and the final state m, 'w e obtain 

Om(oo) = -L f ds 

V _Qo 

^2 -[p (( 11^'h) I ( J Ffn^ds^ Ffnrn^^^ 

The total expression for ci'oss section in the Born approximation is 

= J [ (_I ^ (_L *) 

In equation (4) we have neglected the two terms oi tlic fourth order in interaction 
bince other terms of the same order would also come from higher Born 
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. The produob of excitation probability and tho impact parameter p against p 

(a) For ls-2ff excitation at 1412 keV 

(b) For Is.3« excitation at 1412 heV. 
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logCENERGY OF INCIDENT*/' - PARTICLE IN KeV)- 

Figure 2. Fxcitation cross sections for transition by 

(a) 1st Bom, (b) distortion, and (o) 2nd Born approximations. 



log C Energy of Incident vC~ particle fn KeV.) 

Figure 3. Second Bom excitation cross sections for 

(a) l«-2s transition 

(b) la-3s transition. 
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approximation and such terms are not known, hence for consistency those two 
toj'nis are not included. 

In figure 1 we have liavt plotted tho product of tlio excitation pn)babilities 
and the impact parameter p against p at tho incident energy 1412 heV. 

In figure 2 wo have compared the cross-sections obtained from first Born 
flistortion and second Bom approximation for l«-25 transition. It is seen that at 
about 1000 MV incident energy, the cross-section due to 1st Born, 2nd Born and 
the distortion approximation are almost the same. As tho onerg^^ decreases, the 
discrepancy between the results of tho 1st Bom and the distortion increases, 
where tho second Born results are comparatively close to tho distortion results. 

Figure 3 shows our results of tho cross-section of ls-2s and Is-Ss excitations. 
It is found that ls-35 excitation cross-section is much lower than that of ls-2s 
excitation. 

This work is lirclimmary to a series of investigations of Alpha -Hydrogen 
Clollision wlnvre we proiiose to take into account the cajiturc state of He+ 
as well. 

Tho authors are thankful to Dr. N, 0. 8il and Prof. I) Basu for helpful 
discussions. 
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On parameter estimation of Gibbs* canonical distribution 
By C. G. Chakrababti 

Department of MatlhernnHcs, F. C. CoUege, Diamond Harbour, Wed Bengal. 
{Received 26 March — Revised 20 July 19V0) 

In this note first considering Gibbs’ canonical distribution as a simple stixtistical 
distribution, the fluctuation of temperature has botm obtained using tho asymp- 
totic properties of maximum -likelihood estimate. Secondly, Einstein’s formula 
for the fluctuation probability has been derived purely from statistical consi- 
deration- 

After Gibbs, we consider a system in equilibrium as a small i>art of a large 
system exchanging its energy with its environment (heat bath). In this case tho 

9 
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.system mtiy be considorecl as a sample and let n (assumed sufliciently large) be the 
number of components (molecules etc ) having the energies a (* = 1, 2, ti). 
For tlm development of statistical tlioory each energy- component is taken to obey 
the exponential distribution as 

dF(e,0)^e,-^^da{t)\(l>{0) ( 1 ) 

whore 4>{d) = and il(6) is a suitable positive measure. In usual statisti- 

cal mechanics (Khinchin, 1949) dp.{e) is the number of microscopic states of the 
system of energy lying between ft and e-\-de and D(e) is usually called structure 
function. 

The likeliliood function L for the system (sample) is given by 

n 

-0 S ei 

L{6,, Ca, ... c, ; 0) e f2( S^e.-) | (2) 

Where <l\{0) = <j>i{ 0 )(l) 2 ( 0 )...(l)^{ 0 ) and the maximum-likelihood estimate of ^ is 
given by 


= 0 or C+ J,log$„(0) = O (2;i) 

Let 0 be the maximum-likelihood ostiinato of 0 which is thus taken to bo the para- 
meter coiTe.sponding to the equilibrium state of tlio systom. 

F{c, d) being regular (Wilks, 1962) and equation {'la) having a unique solution 
(Khmchin 1949), the maximum-likelihood estimate 0 ol 0 for largo values of n 
has a distribution wliich is asymptotically normal N[0, 0)] (Wilks 1962). 

Thus for large n, 

var {0) = - 

\ 'W' 

Where = H{0) is the Fi.shor’.s information contained in the sample. 

As a system in Statistical Physic, s contains a large number of components, 

the appropriate formula for determination of fluctuation of parameter 0 is given 
hy 

var(O) =- 1 1 y = llva,t{E) 


where E is the total energy of the system. 
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On writing 0 = 1/42’, we have, 

,m. / 


var(£) c. 


( 4 ) 


which is of the same form as that for the fluctuation of temperature given by 
Landau and Lifshitz (1968). Thus this T may be identified with the temperature. 

Let noM^ there bo a spontaneous transition of the equilibrium state corres- 
ponding to the parametric value S (hereafter denoted by 0) to a neighbouring 
non-equilibrium state corresponding to the parametric value 0~\-\0. Lot us now 
introduce a measui’e of divergence (or distance) between the two states of equili- 
brium and non-equilibrium, according to Bao (1945) 

= H{d)A0^ - nB^e, 0)A0^ ( 5 ) 

hut — ‘\/nB{0y 0)1^0 is normal JV(0, 1) for large rt (Wilks 1902) Thus we may 
dofiiK} tlie fluctuation probability by 

P(A5) = 

Since 

= iH{0)A0^ = log L^E 0)~hg L{E, 0-\-M) 

(Kullbac'k 1959) if S and fif-|-A<Sf bo the thermodynamic entropies of the states 
corresponding to the parametric values 0 and then A/S — ^kH{0)M^ gives 

tlie entroiiy difference between the equilibrium and non-equilibrium states. So 
tlie theniiodynaiuic fluctuation probability becomes 

CO = cO|,e“ (6) 

which is Einstein’s formula for the fluctuation probability. 

T express my deep gratitude to Dr. M. Dutta, University of Calcutta, for 
help in the preparation of this note. 
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Effective atomic numbers for scattering processes 
of gamma rays in alloys 

Bir M. HitiKAMCHANDiiA MuiiTY, M. N. Sbetaramanath, j . Kama Eao 

AND Iv, PaRTHASABADHI 

The^ Laboratories for Nuclear Research, Andhra University, Waltair, 

India 

{Received 10 July 1970) 

Aa ol'fooiivo atomic numlier for gamma ray interaction is cleflnocl for a material 
composed of several elements, to represent tlio attenuation properties of tlio 
material. Unlike the atomic number in tlio case of an element, the offective atomic 
number of such a material is not a unique number, since it assumes different values 
for different interaction processes. However, it has been slionn ( Parti lasaradhi 
1968) tliat the offective atomic number defined for a particular partial process is 
quite unique and retains its identity over a considerable energy range. Hence, 
more attention is devoted to tlio study of those partial effective atomic numbers 
(Viswoswara Rao et al 1968, Parbhasaradhi el al 1969) for various alloys. In these 
investigations (Parthasaradhi 1968) no discrimination seems to have been made 
between coherent and incoherent scattering processes, with the liope that the effect 
duo to this indiscrimination in the energy region considered is small on the effective 
atomic number for total scattering process. Further, no attempt soem.s to have 
been made to determine/ partial offective atomii? niimbor for coheront scattering 
except at [30 koV in water and perspex (Parthasaradhi 1968). It is therefore felt 
that a detailed study of the effective atomic numbers for coherent and incoliorent 
scatUirmg processes separatedy in the energy region 0.1 to 1,33 MeV might be 
interesting. For this purpose two alloys of tin and a heavier element (Pb) and 
two of tin and a lighter element (Cu) in different proportions are chosen and the 
results are reported in this note. 

As in previous investigations (Parthasaradhi 1968) the incoherent scattering 
cross-sections for the elements Pb, Sn and Cu are obtained by subtracting the otlior 
thoorotical partial oross-seetjons (Plochaty 1968, Schmiikoly al 1967) including 
the coherent scattering cross-sections (Plochaty) from the total experimental 
gamma ray cross-sections reported hy MoCWy c( al (1967), Colgate (1952), Wyard 
(1952) and Parthasaradlii ct al (1968). From these, the cross-sections in the alloys 
arc elermhicd using tho sum rule. Making use of tliese ofloctivo cross-sootions, 
the ofrective atomic numbers in aUoys for incoherent scattering process are deter- 
mined at tho various energies hy interpolation from tho plots of cross-section 
verm a omic number. Since experimental total eohoront scattering cross-sections 
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aro not available tho effective atomic numbers for this process are deterniiiiecl, 
in a similar manner as described above, utilizing the theoretical cross-sections 
reported by Plechaty. The values of the incoherent and coherent scattering 
cross-sections of the alloys are given in table 1 and tho deduced values of the 
effective atomic numbers are presented in table 2. 

Table 1. Coherent and incoherent scattering cxoBS-soctions in alloys (in 

barns/atom) 


Bronze 


Energy 

(keV) 

Solder 

Pb 67% Sn 33% 

Solder (soft) 

Pb 40% Sn 60% 

Bell metal 

Sn 26% Cu 75% 

aluminium 

Sn 10% Cu 90% 

100 Incoherent 





15.0 

11.8 

Coherent 

— 

~ 

6.3 

3.69 

279 Incoherent 

22.5 

20.2 

11.4 

9.2 

Coherent 

6.3 

4.. 35 

0 84 

0.49 

412 Incoherent 

20.2 

17.7 

9.4 

7.9 

Coherent 

2.85 

1.97 

0.40 

0.23 

flG2 Incoherent 

16.6 

14.7 

8.15 

6.6 

Coherent 

1 08 

0.75 

0.15 

0.09 

11132 Incoherent 

12.2 

10.6 

6.8 

4.8 

Coherent 

0.26 

0.19 

0.033 

0.02 


Table 2. Effective atomic numbers for incoherent and coherent scattering 


processes of gamma rays 

Energy 

(keV) 

Bronze 

Solder Solder (soft) Boll metal aluminium 

Pb 67% Sn 33% Pb 40% Sn 60% Sn 25% Cu 76o/o Sn 10% Cu 90% 

100 Incoherent 





32J-1 

27±] 

Coherent 

- 

— 

33 

27 

279 Incoherent 

64;l-2 

67rJ:2 

32±1 

26i:l 

Coherent 

69 

61.5 

.33.6 

27 

412 Incoherent 

04 2 

56 ±- 2 

31 5±l 

26±1 

Coherent 

69 

61 

33 

27 

662 Incoherent 

65:1-2 

58i2 

32 ±1 

26il 

Coherent 

69 

61 

33.6 

27 

1332 Incoherent 

eoil 

58il 

32d:0 J) 

26dr0.5 

Coherent 

69 

61 

33 

27 
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It can bo soo]i from table 2 that the effective atomic uumbor for each scattering 
process retains its identity over the energy region considered within the limits of 
errors. There is a significant difference between the two effective atomic numbers 
m the two alloys composed of Pb and Sn, while the difference is not discernible 
in the other two alloys composed of Sn and Cu. It thus appears that in alloys 
consistjjig of lieavy elements the effective atomic numbers for coherent and in 
colioi'ont scattering processes have to be treated separately. 

Two of the authors (M.S.M. and M.N.S.) are grateful to the Department of 
Atomic Energy, Government of India, for awarding them Researcli Fellowships. 
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On wide-band communication techniques using pseudo- 
random and orthogonal sequences-]. 

By N. B. Chakbabobti, A. K. Mukhbbjee* and N. Pal 

Department of Electronics and Electrical OommunicatioiL Engineering, 
Indian Institute of Technology, Kharagpur, West Bengal 

{Beceived 14 October 1966 — Revised 11 November 1967, 30 August 1968 
and 12 January 1970) 

In this paper properbies of pseudo-random and orthogonal codes are discussed. Methods 
of their generation and techniques of application of such codes for communication, 
simplifloations of existmg Modem by using techniques of maximum amplitude selection, 
timo comprossion, oode-froquenoy timo-matrixing, sequential technique for estimation 
and decoding are briefly described, 

1. Introduction 

Considerable interest has recently been aroused in wide-band Communication 
techniques (Golomb 1965, Harmuth 1960, 1961, Chakraborti 1964, Costas 1969), 
which are finding application in space communications and telemetry, random 
access, and secure military communications. One well known reason for increas- 
ing emphasis on spread spectrum techniques is that when the signal to noise ratio 
is necessarily low the only way of ensuring reliable communication is to exchange 
time-bandwidth product for power. Such largo WT communication techniques 
require that the time and band-width have boon spread in such a way as to enable 
the signals received over a given transmission channel to be compressed in the 
receiver processor to occupy again the minimum time and frequency intervals of 
the modulation. The object of this paper is two-fold, (i) To briefly review some 
techniques of spread-spectrum communication and (ii) present some of our own 
work. In the second category how the spread-spectrum techniques can be 
combined with existing modulation methods and can also be used to develop 
new efficient methods of modulation are described. 

An obvious way of increasing the frequency occupancy of a message waveform 
having a given bandwidth is to modulate a larger number of coherent carriers 
by the message. Evidently such coherent earners could be replaced by any 
alteniating waveform of known structure and bandwidth. Pseudo-random 
(P.r.) and orthogonal code sequences provide such waveforms. Properties of 
such sequences and methods of generating them are considered in Sec. 1. 


* Present aifdross: Institute of Badio Physios and Eleotronios, University of Coloutta, 02 
Aohorya PrafuUa CSumdra Boad, O^outta-O. 
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In tinio-frequcncy dispersal -accumulation techniques it seems imperative to 
oriii)loy pulse digital techniques for the purpose of matched filtering. Amongst 
pulse-digital modulation tochniquca Af-ary, binary, pulse time modulation and 
delta modulation in conjunction with P.r. or orthogonal codes are discussed in 
Sec. TX. Application of P.r. codes for dotorininatiou of impulse response of a 
system is also discussed hero. 

Pj'oblems associated with synchronous as well as asynchronous multiplexing 
are considered in vSoc. III. Teolini(iues of synchronization in respect of the 
R.P. carrier phase, bit period and timing have also been discussed. 

P.r codes find an inqDortant application in random access shared channel 
communication, wIku’o a largo numhei- of signals carrying different messages 
share the same cliannol, every user having iiuiiiediato access to all other users 
without central switcliing anrl each user being callable of separating signals in- 
tended from the total traffic present. Problems of multiploxing in such address- 
ing and modulation techniques are considered in Sec III. Waveform division 
multiplexing, time frequency matrixing, and code-frequency lime matrixiiig 
applicable for binary I*PM and BM are discussed. 

It is lolt that the quasi-Barker codes, the teclmiiiue of maximum amplitude 
selection, code-fi-equency time matrixing and the sequimtial technique for fiecertiiig 
and estimation constitute useful now concepts. 

2. P.R. SEQUENCES AND THEIR PROPERTIES 

Processes characterised by unpredictable ohangos in time and exhibiting 
variations from observation to observation, which no amount of effort or control 
in the course of a trial can remove, are called random processes. However these 
processes also show regularities called statistical properties in a long series of trials. 
TJie statistical properties associated with random noise are the probability distri- 
bution ot the amplitude and the auto-correlation function. In contrast, when a 
finite number ol iiieasuromonts of an ensemble determine tlio entire behaviour of 
the representative of an ensemble the process is called dotmTiiinistic. 

A pseudo-random time series is a deterministic time series having a finite 
number of states with known probability distribution, transition probabilities 
and specified transition times. The properties such a time series have in common 
witli random noise are (a) an apparently bewildering complexity of wave form, 
(h) a peaked auto-correlatiion function and (c) a nearly zero average value if the 
time interval of observation is long compared with the correlation time. 

It is known that the interval between the zero crossings of a noise waveform 
IS a random function of time. It is not possible to regenerate such a characteristic 
and one has therefore to store the replica of transmitted noise waveform if 
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any coherent reception technique is to be employed. Since each part of the noise 
waveform is unpredictable and the length of the sample of the noise waveform 
must bo large compared to the correlation period, the storage capacity of the 
processor must bo very large. Pseudo -random sequences, on the other hand, 
can be generated deterministically. Further the peak factor of those sequences 
can bo made quite small. Hence for purposes of application, P.r. sequences are 
preferred to samples of noise waveform. 

P.r. sequences are specified by the number of states (corresponding to binary, 
ternary, quarternary, etc. systems), the probability distribution of the states, 
the minimum time interval between two successive transitions and the length 
of the sequence. Pseudo-random sequences of binary digits with equal probability 
of the states have been investigated for reasons of simplicity and suitability for 
application. Hero a sequence is designated as binary if it consists of two states, 
i c., presence and absence of a pulse (denoted respectively by 1 and 0). 

Binary P r sequences can be generated by means of shift registers and 
modulo-two-adders. A device consisting of a consecutive binary storage positions, 
which shift the contents of (inch position, to the nt^.xt in time, is termed a shift 
regisitir A modul()-2 adder is a logic cmuit, which gives with two inputs A and 
B the Boolean output AB^AB. If the tivo inputs differ i e., (01, or 10) then wo 
get an ontut (1 ) and when the inputs are the same (11 or 00) then tliere is no output 
( 0 ). 

As an example one may consider a system consisting of a shift register with 
three storage positions and with the initial condition JOl and a mod-2 adder with 
its inputs from the llrst and third storage positions. If the output of the adder 
is f(Hl back to first then for an initial condition 101 it goes througli the succession 
of statcis 101, 010, 001, 100, 110, 111, 011, 101, ... and so on. The eighth state 
of course is the same as tins initial condition set. So, at each of the shift registers 
and the modulo-2 adder wo will get a sequence of ONES and ZEROS whit'h 
r(! 2 )eat after a period of 7 units of the clock. At the three shift registers we will 
got outputs of (1001110), (OlOOlIl), ...,(1010011). 

If on the other hand the inputs to the Mod- 2 adder are the outputs of the 
second and third shift register, the sequence obtained is again of length 7, but 
assuming the same initial condition the output of the first shift register will be 
0100011 . 

In general, the length of the sequence depends on the number of shift registers 
and the specific sequences obtained! are determined by the logic. 

It can be shown that the maximum period is L = 2”— 1 . The output sequences 
of this category are called maximal-length shift register soqxionces (Huffman 
lOfiG, Peterson 1961). 
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Special features of these sequences are : 

(1) In each period numbers of zeros and ones differ by at most unity. 

(2) Among runs of “one’* and “zero” in the fine structure one-half runs of 
each kind are of length one. One fourth runs of each kind are of length 
2, one-eighth of length 3 and so on. 

(3) Mod-2 sum of two such sequences is another such sequence. 

(4) If the period of such a sequence be considered term by term with any 
cyclic shift of itself, the number of agreements differs from the number 
of disagreements by at most one. 

Generation of maximaX length binary sequences 

It has been discussed earlier how shift registers and modulo-2 adder can be 
used to generate the P.r. sequences. If the rmit delay of the shift register be 
represented by D, then the law of formation of the sequence of length 7 is (a) 
F(Z)) = = 0 or = 0. The two conditions imposed 

give rise to two different sequences. The length of the sequence in both the cases 
is 7 (as 23— 1 — 7) and the the expression and /(-f are 

both prime factors. If tlie expression F(D) can bo factorized then that condition 
if imposed on a sequence generator will give rise to a sequence of length 2?!^ — 1 
where n^ is the highest power amongst the factors. 

Generation of any periodic sequence 

As mentioned earlier, a shift register can be converted into a sequence generator 
by including a feedback loop, which computes a neAV term based on the previous 
terms. If the sequence is specified, it is in general possible to obtain from the truth 
table (table 1 ) the logic for generating a given sequence, starting from any permis- 
sible initial condition. The logic for maximal length sequence of length L — 2"— 1 
is given below for several values of n. 

Table 1. 


No. of 
stages 

(n) 

Length of 
sequence 

(L) 

Feedback from 
stages 

3 

7 

2,3 or 1,3 

4 

15 

3,4 or 1,4 

6 

31 

3,6 or 1,3,46 or 1,2,3, 6 

G 

G3 

6,6 

7 

127 

4,7 or 6,7 

8 

266 

2,3,4,6 

9 

511 

6,9 

10 

1023 

7,10 
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Gteneration of sequence of periods given by L < 2»— 1 is facilitated by the 
knowledge that all periods from 1 to 2**' can be obtained from an n stage 
register with approrpriate logic circuit. For example to obtain a sequence of 
length 11 one may start with a system for generation of a sequence of length 
15 and derive appropriate output from a logical function generator to skip, 
route or recycle. 

The block diagram for a sequence generator of length 11 or 13 is shown in 
figure 1. 



Figure 1. Sohematio diagram of a P.r. sequence generator mdioated mod-2-adder andD 
indicates delay unit. The coincidence detector is a logic circuit which gives an output 
(ONE) for the condition stated. 

It may be mentioned that such sequence generators may bo very conveniently 
used to count down by any factor. 

To obtain sequences having large periods it is advisable to combine two or 
more sequences of smaller periods rather than realise it in a single stage. 

When a sequence of a P.r. series passes through a band limited system (such 
as a filter) the shape of the pidses changes considerably. This change is maximum 
in case of transitions and is obviously small when the same state (one or zero) 
is continued. Such waveform distortion results in a considerable departure of the 
correlator output from the desired. This difficulty can be overcome if wo can 
so arrsjige that the unit signals in every bit period are identical. In this case the 
change of shape is uniform for each bit and so all the properties of combinations 
of the series remain unaltered. This can be accomplished if we sample the series 
by pulse train of equal repetition rate but of shorter duration. 

Optin^um correlation code for time modulation or ranging {Barker and Quasi-Barker 

codes) 

Some members of P.r, codes have the property that the correlation side lobe 
in the matched filter output is quite small. Barker(1953) has shown that there 
are sequences for which the correlation side lobe is as small as 1/L. Such sequences 
are known only for length = 3, 7, 11 and 13. It is possible to combine two or 
more Barker sequences to generate a new sequence in the following way. A 
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soquonco of givoji loiagUi (m) forms group or block. A new sequence af length 
{n) is then constructed taking this group as a unit. Unfortimately^ the aide lobe 
amplitude in such case is rather high, being the larger of 1 jm and Ijn. It aoems 
therefore useful to enquire whether long sequences exist for which the minimum 
correlation side lobe is restricted to 2jL or ^jL. The study shows that some P.r. 
sequences have such property e.g., for sequence of length 19,(1 001001 1000010101 1 1 ) 
matched filter output is 1, 0, —1, — 2, I, — 2, — 1, 2, — 1, 0, — 3, 0, 1< — 2, 
0^ _„1^ - -2, 19. Similarly, for sequoneo of lengtli 23 (0110, 0110, 01010000, 
1111101) matched filter output is —1, 2, - 1, —2, 1, 2, —1, 0, 1, 0, —3, 2, 

_.2, ”1, 0, —3, —2, 1, 0, —3, 0, 23). Such sequences are grouped here as 
quasi-Barker sequences. 

OrihogonaX codes and their properties 

It has boon oliservod earlier tliat the cross-correlation output between any two 
signals of the same family of P r. sequences is 1/L. There is another class of 
signals which have zero cross-correlation between them. These are called ortho- 
gonal signals. 

The most familiar oxamido of an orthogonal code is a trigonometric orthogonal 
code. But in casc^ of these tyjie of codes the peak factor is lai’ge. Binary ortho- 
gonal codes are available which have very good peak factor. Such codes are 
generally related to orthogonal matrices which have been discuss(‘d by Paby and 
oiliors. Paley (1 933) has shown that orthogonal matrices of order m can be formed 
if either of the following cumditions is satisfied. 

(a) m — 2* 

(b) m p is a prime and p — 3 (mod 4) 

(c) rn — 2\p-\-\), p is prime. 

(d) m =- 2*'(p^-l- 1), p is an odd prime, m is divisible by 4. 

Bistoad of quadratic rosiduo (mod p) we consider quadratic residue in Galois 
field of polynomial, (mod p^, mod /(a:)) whore /(ar) is an irreducihlo polynomial of 
degree 7*. Thus for instance . p'* = 3 mod(4) k — 0, 

(e) m — p = 3 (mod 4) and p is prime. 

Let us consider an example of an orthogonal matrix belonging to group 
(b), i.o., m = p-f 1, where p is a prime number and p = 3 (mod 4). The coeflacieni 
Aij of the orthogonal matrix will be taken to be 1, if (i — j) satisfies the condition 
that it is a quadratic rosiduo of the prime number, i.c., if a number a;(Bay) such 
that x^-k = 0 (modp) exists, where k equals Further Aij may be taken 

to bo equal to —1 and A^f, ov A ot is equal to 1. One row of tho orthogonal matrix 
constructed in the manner indicated with m — 12 can bo represented as 
111100010010. 
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If wo require the signals to bo resolved in fequoncy then wo will choose such 
signals which have power spoctrum distinct and different for different members 
of tJio codes. But if wo require resolution in time then the power specs trum should 
bo the same for different codes but they should have distinct wave-shapes with 
reasonable separability in time. 

P.r. sequence can never be used where we require resolution in frequency but 
orthogonal code can be used for }>otli. It will be o])served that whiles orghogonality 
is independent of interchange of columns, the actual value oF the cross-correlator 
output for a given shifts may bo mininlisod by such interchange. 

Qm^ration of orthogonal codes 

As montiemed earlier orthogonal trigonometric codes may bo generated 
by combining trigonometric funetjons which have the same fundamental i)enods. 
Obvicmlsy the fimctions cotiwt, cos2?>c^, ... Liya nwt, sinwt, sin 2?/;^ . . . sin 
are mutually orthogonal. Linear combinations of these functions will also lie 
found to be orthogonal if appropriate weighting factors are uscid. Por instance 

fl{t) = cos wt-}- cos 2wii-bcos Swi+cos ^wt and 
f2{i) — cos cos 2 m;^+cos Su^^—cos ^wt 

are mutually orthogonal. 

The difforeiK'e betAveen primary and combination functions is that the spectral 
regions occupied by the primary functions are different while for the combination 
functions tlio spectral regions occupied overlap. 

Binajy orthogonal sequences can bo obtained by combining shoi’t pulses of 
appropriate duration, sign and dola^^s to obtain different codes. One obvious 
method of obtaining several short pulses is to excite a number of monostable 
multivibrators in a chain, each pulse being generated from the trailing edge of the 
previous pidse and then to add them with proper sign. 

All easier approach to this problem, as shown in figure 2, is to use the wave- 
form obtained from dividers formed by a chain of bistable multivibrator operated 
serially, these waveforms constituting members of an orthogonal family. Tlie 
rest of the members are obtainable from mod-2 sum of the primary members. 
This type of system can produce code family of length L = 2«. 

If the length L 2*^, then this idea is no longer suited. However, a general 
technique is available for generating binary orthogonal codes. This consists of 
adding a single pulse of proper polarity at the start of a P.r. code of length (A— 1). 
The first position of these codes is always the pulse added, whereas the next {L — 1) 
positions correspond to the one of the P.r. aoquonceS. This idea can also bo ex- 
tended for sequences having length L === 2®. 
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Figiiro 2. Schematic diagram of an orthogonal sequence generator employing binary flip-flops 
and logic circuits. 

3. Communication by P.r. codes 

Wo have already obaervod that P.r. and orthogonal Boquoncos have the fol- 
lowing important properties — (a) these jiormit time-eompression by a very large 
factor and have good resolution in time, it being possible to resolve sequences 
separated in time by an interval equal to the period, (b) sequences belonging to the 
same family and synchronous in time can be separated out with little or no mutual 
interference, and (c) it is possible to accumulate the signal voltages of all the indivi- 
dual signals spread over in time, so that the signal strength at the instant of match- 
ing is equal to L8 where L is the sequence length and 8 is the signal voltage in 
any bit period, while the resultant noise voltage due to incoherent summation 

will bo equal to ^L.N where N is the noise voltage in any bit period. These pro- 
perties recommend the use of such sequences particularly in situations where 
signal Jo noise ratio is very small for ranging application and time modulation, 
wavororm multiplexing in binary modulation and the so-called M-axy modulation. 

In this section wo wish to discuss the application of wideband codes P.r. 
or orthogonal, for communications and the advantages arising from such appli- 
cations. 

M-ary Modulation 

We shall first consider J/-ary modulation technique which is known to be an 
optimum coding method. In Jf-ary modulation, one of M alternative sequences 
is transmitted at a given time in accordance with the given state of the message 
source. Those sequences, like samples of noise waveform, have little or no cross 
correlation if the integration is carried out over the appropriate time interval. 
In the receiver the decision with regard to which sequence has been sent is made 
on the basis of the comparison between the outputs of M correlators. For speech 
signal, analogue speech signal is first sampled and quantized and then the sampled 
signal is converted into pulse code. This p.c.m, code is now used as the initial 




79 


On wide-hand communication techniques 

ijoudition of the P.r. sequence generator or orthogonal sequence generator. Thus 
wo get different sequences according to different amplitudes of the sample speech 
signal. 

The technique of reception and decoding almost always employs matched 
filtering teclmiquc. Tn this typo of reception we shall require as many receiver 
processors as there are possible sequences, a particjular processor corresponding 
to a specific sequence. The decision with n^gard to which sequence has been trans- 
jiiittod will have to be made on the basis of magnitude of the output of the matched 
filters and the sequence that gives the largo.st output will bo selected. A corres- 
j)ondenco between the line selected and the analogue voltage may then be 
established. 

To decide which soquen<50 has been transmitted, the teclmicjve available is 
to use the parallel detection method wliere the rocoivisl input signal is multiplied 
with all the possililo sequences and the avorgcis of the multiplied outputs are noted. 
Tli(^ average of the multiplied outputs are sampled and the samples are fed to a 
decision circuit to dotermino which lias the maximum value. This maximum is 
an indication of which sequence has been transmitted. Figure 3 shows the 
luechanization of a uiaxiniuiii likelihood decoder. For such a decoder we will 
vciiuire as many multipliers, integrators and samples as there are po-ssible sequences, 
^riio size of tho decoder becomes unwieldy if the number of sequences is large. 



Figure 3. An optimal pai-allol decoder for M-ary modulations. 


The size of tho decoder can be minimisoil to a great extent if wo use the serial 
technique in which tho signal is ctuupressed in time by means of a time oompressoi 
(Weber 1964), the coiuprossod signal is stored and correlated with tho dilfeiont 
time shifted versions of the receiver P.r, sequence serially, the correlation outputs 
occuring serially being then examined for maximum amplitude. To achieve this 
the time of occupancy of each original signal component must be reduced to at 
least Tjii, whore n is the number of samples to be accommodated. 

2 
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In such a teuhniquo of clotoction, iho nuinbor of multipliers, integrators and 
sampiors oan be reduced to one only, whatever bo the possible number ol’ soquen(!OS 
to bo received. In the parallel detection method one must have all the time shifted 
repbeas of the sequence present Himultancously. Such a scheme is purely im- 
iwaetical especially wlion the length of the soquem’e is largo. But in the c,aso of 
serial dc^coding as one will be testing the soquoncn serially, the receiver si'.quence 
generator need be the conventional maximal length sequence generator. The 
schematic diagram for such a detection technique is shown in figure 4. 



Figure 4. Schematic diagram of a Borial decoder for M-ary modulation. 

The received signal is first integrated and the iiitc, grat ed outputs at the end of 
each bit are sampled and these samiiles are thc'ji compressed m time. If T socss 
bo tlio bit period of original sequence of length L then after the time coiiiprossion 
each sequem-o will only bo (uu npying T secs. Then tins t (Hiiprcssed soipience M'husc’ 
period is also T has bit period TjL. It is clear tliat for siicli procossing we are 
to have the input received so(pionc.e presont for a ]ieriod till all tlie time shifted 
rojilicas of the sequence are tested. For this purpose v e use a delay line type 
circulator whose delay is equal to !Z'(1 -1 1 JL) . This enables correlation of the injuit 
in the receiver sequences time shifted b^” units of one bit jieriod. After all the 
soquoneivs are serially tested we require the ( irculator to be discharged and ready 
for testing of the next sequence. Now the minimum dischai’go time of a delay 
line is equal to the aiuoimt of delay produced by it. fSo, the total timo taken for 
a full ojioration is {LT~\-2T)^ {LT-\-T) for testing and approximately anothoi' 
T for discharging Thus wliilo the coding is done we must liavo a gap of 2T 
seconds after each sequence of period nT seconds. 

The output of the multiplier is ijitegratod and samjiled at instants of matcliing 
for the dilferejit sequences and stored. When all the results have accumulated 
the same decision technique as used in the eaao of parallel method is employed. 

Maximum, amplitude selection 

111 Jlf-ary communication the decision process involves determination of the 
particular code word on the basis of comparison between the output of matched 
filters. This lequiros soloetiun of lino giving maximum amplitude from amongst 
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M lines. Tlie similarity to selection diversity switching may be noted here. For 
tlie purpose, all the line amplifiers should have an automatic gain control arrange- 
ment operated by the average amplitude. This type of common degeneration 
may be combinetl with individual amplitude dependent regeneration for accen- 
tuating the difference in level between the outputs of different lines. If it so 
liapxieiis that even after such treatment more than one line has an output exceed- 
ing the threshold, the amplifiers associated with this may be biased by the 
iiveragi^ of the outputs to eliminate all but tlie strongest component. 

Oiui techniiiuo which seems promising is to use multi-level FM in the receiver, 
that is, to use tlie outputs of tlu^ different ‘alphabet’ channels to amplitude 
modulate a set of c-arriers disj^acaxl in frequency and utilize strong signal 
fiipture jihenomenon for the threshold decision eirruit 

Bl H n ry mod idal ion 

In case of liinaiy modulation th(u*o will be only two states to transmit. These 
two states may lie (a) a sequence or its absence, (b) alternate polarity of the 
same sequenci^, and (c) one of two orthogonal sequences. 

Amongst tliese bipolar modi', seems to bo the desirable mode of oxKwation. 
'file t\vo-Bequc.nc(' mode results m a more comxilt^x receiver, while off-on mode 
docs not give the Ixvst SNR Tii the bixiolar mode the selected sequence will have 
11 xiositive x»olarity jbr a xiosit.ivo polarity of the input, the sequence generator 
bciing tiin(‘.d in accordaiuie with the timing sequence of the transmitter. In 
such opm’ation it is desirable to select a Barker (1953) typo code for the sequence, 
foi' such codes have the best available correlation iirox^erties. In the recieiver 
oju^ need have a matched filter matched to the particular Barker code transmitted 
and the recoxition tecluiiquc must be a synchronous one suited for reception of 
luxiolar signals. 

P'uhf position modulation 

As mentioned earlier P.r codes having very good resolution in time are eminently 
suited for use in ranging and hence in xnilse x»osition modulation. For obtaining 
V P.M signals analogue sxieoi h signal is first processed by a threshold circ uit to 
remove voltage below a certain amiilitude. This processed signal is now amplified 
and sampled. The samxiled signal is then used to x^osition modulate the xmlses. 
If noAV the xiosition modulated ] 3 ulses are used to trigger the P.r. sequence generator 
(Xireferably a Barker code) then we will gt't sequences having the starting x>olnt 
varying in xn'ojiortion to the amxihtude of the samxile. 

In c,ase of reception the kuowledg(» of which sociuenco is being transmitted 
must be built into the receiver. The receiver is to decide fi'om the correlator 
output about the starting time of the sequence. Hero one may usefully onixiloy 
luatclied filter tetdiniquo to find the time of occurrence of the maximimi ampli- 
tude of xmlse. 
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A method of detormijiing tins is to use the technique of a, voltage saw-tooth 
reset by tlio mateliod filter output. In this case a saw-tooth wave generator is 
triggered at the beginning of each frame Tlio matcJicd filter output pulse if 
it exceeds certain threshold level is used to reset the saw-tooth wave generator. 
The maximum amplitude obtained by the saw-tooth generator is then a measure 
of time of occurrence. Su(jh a simple technique is directly applicable provided 
tlio probability of spurious signal exceeding the selected threshold is very small. 
A modific.ation of the above for finding the time of occurrence of a pulse having 
the maximum amplitude in a selected time interval in the presence of spurious pulse 
and interference is however available. In this case the input pulses are applied 
to a peak cliarging diode; if tin; incoming pulse ha.s an amplitude greater than tlio 
value n[ the voUage across the peak measuring device, a pulse of short duration 
IS generated by the comparator. The output of tlie comparator is used to reset 
the free-running saAv-tooth generator. The synchronised voltage for the saw 
tooth generator is obtained from p r.i. generator as in figure 5. 



Figure 6. Arrangement for selecting the pulse having maximum amplitude. 


Delta modulation 

P.r. or orthogonal codes may be employed with any pulse modulation system 
by replacing the single pulse ordinarily nsed by the soquonce. The additional 
unit required in such a case is a matched filter at tiie receiver. In the case of 
Delta raodulaton (A-M) or Delta-Sigma (A-S) the pulse obtained from the 
conventional modulator may bo used to obtain P.r. or orthogonal soquonoes of 
desired length. It should be observed that time gating for synchronous A-M 
in the output of the matched filter of the receiver provides in this case a very 
useful technique of interference reduction. I„ fact A-M is indeed a viable 
technique for random access. It is the simplest analogue to digital conversion 
teclmique and has all the well known advantages of digital communication. It 
has a low pulse rate and low duty cycle compared with other digital modulation. 
Further, one has only to transmit pulses of one iiolarity and techniques for removal 
of redundancy can be readily incorporated which together enable realization of 
a duty factor of about 0 30. 
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P.r. sequence as a test signal 

It is well known that impulse rosponso of a linear system c-an be determined 
by cross-correlating the input and the output if the input is white noise. From 
the convolution theorem one has 

y{t) = f x{t-i^)h{ty)dt^ 

0 

whore y(t) and x{t) are the output and the input respectively anrl h[t) is the imxmlse. 
Multiplying both sides by x{t~r) and integrating one gets, 

if then A(t) (/>yoc{T). 

It is obvious that x)soudo -random waveforms with their highly i3eaked autoror- 
relation function approaching a delta 'function provide a better alternative than 
pure noise signals for the purpose of system idetilication, because of the simplicity 
of generation, storage and processing of the experimental data. 

3. MuLTiPLExma and random access 

Pulse-digital modulation systems may bo classified as synchronous or a 
synchronous according as there is time synchronism between tlie events or not, 
i e. tlio time of arrival of the signal or the instant oi‘ time when tlu^ transition 
occurs in a precisely known period. 

Channels are ordinarily multiplexed by means of eitlior frequency division 
or time division multiplexing. A different technique of multiplexing can however 
be realized by means of orthogonal or pseudo-orthogonal codes in combination 
with time frequency matrixing. This type of multijilexing is usually asjmchronous 
as its operation does not depend on allocation of s^Docific time slots to the different 
signals and their synchronous routing at the receiving terminal. 

Asynchronous systems find use in so called “Bandom Access” communication. 
Tn a random access system signals arise from sources dispersed in a random manner 
m location and time and users are allowed access as desired to a wideband channel 
and should be able to separate signals intended for them from the common channel. 
Obviously, the multiplexing here must also include a typo of “addressing”. 

Wo intend to discuss here the technique of multiplexing that may be employed 
for binaiy modulation, P.P.M. and A— If. 

In case of binary modulation one may use what may be called waveform 
division multiplexing whore different signals in the channel are allocated si^ecific 
waveform codes. These waveform codes are selected in siich a way that the filters 
matched to the different waveforms at receiving end are able to select only the 
desired wave and reject the others. An important parameter in this connection 
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is i,lio poak hoiglil of tlio Iimlual coiTolation bofwwn Uio diffM-ent wavo-forms, 
wliuk iibviously must bo kopf a ‘■oriaiii iimxinnim. Tliis coiwidoratiun 

pioi-ludos Uio Iiw of iiiomboj-s of pwndo-raudoiu codo dmvwl, for oxaniplu, from 
a luaxiDial Jougtb soquiuico luiloss only a iiw of tJio tolid nwilbw of possiblu 
naqaoncitii which arc widely aepimted in Ihiiu arc iinud. 


Further it m found Hut oven for orthogonal codex the maximum value of the 

ewxxoairrobMonouipufmayheaxkrgciulAK^^^^^^^^ 

although the output of the. covrehior duo Ui any undoxired cxido ,x y.oro at the 
instant of matching. This causes severe mutual inUwference in asyjiehronoux 
node division multiplexing This prohlcm is absent in synchronous multiplexing 
as in this case the outputs are oUse, ved enly at precisely loiou n instant ofmati’hmg. 
One may m a large measure reuieve this diMcnlly by nsing t hne freipwm y matr.x- 
ing. where cede aa.dulafo.I l.msfcs at diaerent fiviptenries are arranged m a sped- 
fir nnlnr in Unw for n fiivnu signal CunsnUiv th.U the ioUl fiigual tiiiio ]h dividod 
mif^ Lhven intovvals 'I\, and wludi can ho (U'cnpiod by pulwod NiniifinifJfi 
of firqiiojK’y aud/^ For a pail-icular oliajinol ono niay alloc ato the matrix 
(dftiiiont ///’o, and /.Jl,. At iho rocoivcr liarticadar signal (‘fijii bo Holcfc tod 
by didayiug the oidput at frccjitcjncy /j,/^ l>y ^wd — ajid oombiuing 

11it> out])ut at tlu'oo li’cscpiojK ioM Tli(5 r(*saltani output Avill obviounlj' bo larger, 
only fcjr lids particulai’ nuilrix olcmiojit Poi‘ c‘oiul)ining tUo outputH tv\ o approachos 
aro availal)lo-])i'(5dot(>(‘tioii and post dotootiou ooinbijiatioji. Ill tlio oaso of pro- 
(lotocLion (lombijiation, tlici i .f. oiitpiiiw at tlio throo fi'cquoju-'ios may bo brought to 
tlui saino froquojuy and pliayo lock circuits may b(‘- ojjipluycul to phases the throo 
signals and add thorn. Tlus combined output is tlioji fesd to tbo matohod filter 
dotoc'tion and decision circuit. In tlio case of post dotoction combination iho 
outputs at tJio throo fnsquoncies aro foci to the matc-hed filtoi dotootod, added and 
applicscl to cioc isioii circuit. 


\ 


Tlio abovo montionod multiplexing technique can be employed in channels 
using hinary phase-sliilt keying (PSF!) In the case of code division multiplexing, 
it is noc.ossary to clistrilmtu tlici static phases of the carrier uniformly over 27r 
radians in order tliat tlie peak factor of tlie sum signal cc^uld he kept witJiin a 
reasonable limit It is instructive in this eonuec’tion to find the moan, r.m s. 
and poak of tlie amplitude of the sum of N bipolar voltages (a) if the r.f. reference 
phase is the same tor all and (b) if tlie r.f phases are distributed uniformly for 
277 radians. 

For P.PM. system using P.r. codes several teclmiquos of multiplexing are 
available^.. One may for example use different codes obtainable from a code 
genciatoi loT' multiplexing the cJianncl. Tlio code selected should obviously 
be such as to give rise to small mutual intorft‘,roneo. The advantage arising from 
such multiplexing is tliat the amount of permissible range of time modulation is 
large and is given by T,-~LT where T, is the repetition period, L the length of the 
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TaJ3LB 2 



N== 4 

6 

N= 8 


(a) (b) 

(“> (b) 

(a) (b) 

Max 

4 2.8 

6 ^72 

8 5.2 

I'xns 

2 2 

jjd y/TE 

2.19 2.8 

moan 

‘dj2 7/4 

16/8 16/8 

3.43 2.4 


i^fHjiumca and T iw tJw bit poviod. Furihor, mrh a systom does not n^juiro syn- 
C'iironi/ntion can Llwrofom bo usod for random acocw.s tKjniniHniVatioji, Tlwro 
M ill hoM'cvor 1)0 sojiio aiuoujit of mutual intorffM'onco I)otwoon tho ( lui,imol«, tlio 
luagjiitudo of \diic li a\'iI 1 dojjond on tho total iiuiulior of active chamioLs at a giv'mi 
tjiiic, tlu! (■ross-coiTolati(>iiy)i-o])(^riy of the codes and tho sigjial statistics at different 
chajiiK'ls. It should he roasonahle to expect that tho (liffor(‘nt signals aj isijig from 
different sourtjos Avill be uiicorrelated aiul consequently tlie actual interfere} ice 
I an be tJiought of as due to raiidojiily tiim^ modulated pulse trains. Time fre- 
quency matrixing using the same code, preferably a Barker or a quasi-Barker one 
may also he employed. 

ft sliould be roali/.ed that sometimes diffen^iit iuterforijig signals together 
may give rise to ])articulai‘ / f ordering of code thus i)roducing a false output. 
To nwluco the amount of false output one has to select only a limited number 
of jioshilile combination of f—f codes which can he formed with the give}i sot of 
frcipiencies. 

(Jodf'-firquencydimt matrixing 

In frequency time inatrixijig, the distinct addresses available depend on the 
number m of di.stinc‘t frequencies used. Although this number would appear to be 
large, the actual usable combinations are rather few if false addressing is to be 
kept lijw. For example, using throe frecyuoncies one finds that acceptable combi- 
nations are instead of eight only three, provided bj’’ the cyclic permutation i,e. 
U\h> (W’i> /i^a) if‘A^ Mi)* If ko observed that tho 

contribution from any interfering source to tlie desired adfb’oss is at least 1/m 
times llio correlation jieak, where ni is the number of frequencies used. Identical 
remarks apply, inutatis mutandis^ to code time matrixing. 

In code-froquoncy-timo matrixing on© can take advantage of the quasi- 
erthogonality between the solecttHl code and frequency-time ordering to realize 
combination addresses with very small mutual interference. If v'e take three 
mutually orthogonal codes and tlrree distinct frequencies the following three 
Combinations -^a/i^'a) -^aMa 
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obiaiiiotl by taking the diagonal olemoiits of the admissiblo M and / 
niatricos, will bo fomid to have oxcellont resistance to interference. 

Synchronization 

A digital rocedvor requires timijig ijiformation in order to interpret the received 
signal iSoqiienc-oH properly; when the value has become fully, each symbol in the 
se(j_uoji(;o iiiust bo sampled at a time established and is not in a condition of 
transition 

Tt wdl bo recalled that an optimum receiver correlates re(!oived code word 
Avitli the locally g(‘juM“atod roplic-a. Consequent^, the instant in time in Avhich one 
rofioivotl word ends and the successive word begins must bo known accurately. 
J3(vsidos, a suitable carrier foi’ coherent demodulation must also bo established and 
inaintajnod. TJxiis there aro throe parameters to be synclu’onizod, r.f. cai-rior, 
phase and fTcupumc-.y, word timing and ])it timing. Toclmiquos of r.f. synchro- 
nization aro quite well established (Chakraborti & Biswas 1964, Cliakraborti 
& Butta L966, 1907, Chakraborti 1964, Costas 1959) and wdll not bo considered 
here. 

To find word timing an automatic time control arrangement using a different- 
ial coiniudence cirijuit maj^ be used. In sucb a case one finds two correlations : 
(a) the correlation — .A(07r(0 between the input fi{t) and the rejilica at, the 
receiver fr{t) and {h)Rj^i) — where T is one bit period. 

The product of these correlations is then used to control the timing of the fun- 
ction. Such a toclmi(iuo may bo termed self-synchronizing teclmique. Another 
tochniquo is to insert an auxiliaiy synchronizing xiattern iioriodically in the chan- 
nel. If a pattern is chosen which cannot occur as part of the data sequence then 
position identification of the pattern establishes synchronization. It is obvi- 
ously desirable to make the correlation liotween all the data sequences and the 
synchronizing pattern as small as iiossible. A satisfactory synchronizing iiattern 
is one which gives very small output of the matched filter except at the instant of 
matching. Use ol Barker sequon(;e and quasi-Barkor sequence seem apjiropriate 
here. 

For synclironization when bqiolar modulation with a single Barker or quasi- 
Barkor code IS (uiij)loycd the arrangament shown in figure 6(a) may be used. When 
the signal as transmitted contains the code component, that is, the transmitted 
signal is obtained by mofl-2 addition of the code ancl the clock, the arrangement 
marked may be used. Another r.f phase lock circuit applicable for bipolar phase 
modulation is shown in figure 6(b). 

Sequential technique 

An important consideration here is the time required to effect acquisition 
of the (5ode or sjmehronization. The Auto-correlation function of a P.r. sequence 
does not iirtivide any indication during the search process of which way or how 
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Figurcj 0(a) Schomatjic diagraia of a circuit for achieving R.F. Phase look and synchronization 
of tho hit period and liming. Circuit to the loft of Ai epresents a typical phase 
look circuit for bipolar A M. 



Figuro 6{b) An alternativo form of tho phase look circuit for bipolar modulation. 

far to shift tho local replica in prefer to bring about coincidence once it is outside 
the working zojie. One has therefore to make trial correlation and find which code- 
shifts yield tlio higliest correlation. The acquisition time thorofore is rather very 
high compared to tho information bits (log2X), while in the absence of noise the 
sequences is complotoly determinable from one trial inspection of n digits. When 
the signal energy relative to tho background noiso is sufficiently high, the number 
of trials can bo sufficiently reduced if tho code is made up of several short sub- 
codes that can bo acquired individually. 

It will he recognized iliat in tho absence of noise optimum acquisition tech- 
nique is to introduce the first n received bits as tho initial conditions of the receiver 
sequence generator which u ill then continue to produce a sequence approximately 
ni phase with the incoming soquence. Errors arising may be corrected by the 
3 
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tracking loop. However as the input invariably contains noise, it is necessary 
to find, by means of cross- correlation between the input sequence and the receiver 
sequence, whether initial estimate is eorrect. If the agreement between the two 
is not good, now data may be introduced and the process repeated in sucli a way 
as to (taking advantage of the longer integration time) enable rapid acquisition. 
New trials made on introduction of the now data need not destroy the information 
obtained from earlier trials. In such seci[uential estimation technique the length 
of tlie trial, which must bo kept above a minimum to avoid false alarm and false 
dismissal, depends upon input signal to noise ratio. The acquistion time can 
therefore bo kept small if the SNR is adequate. 

Matched filter technique 

Matching means optimization of a receiving system to extract the desired 
signal from a noise background maximising the signal to noise ratio. In cssexice 
matched Alter toclinique is the same as correlation detection technique. There 
is a variety of ways by which the optimization process can be physically effected 
but some of them can be thouglit as correlators and others as matched filters. 

The matched filter processors depend on (1) tlie nature of the signal, (2) the 
accompanying noise statistics and the way it combines with the signal and 
(3) the optimization required. TJic first two arc essentially a priori data and •tins 
tliird one is the choice of criterion. Generally, tlxe choices are all based on the 
energy calculation, i.e., on some form of maximization of signal energy to that of 
the noise. Usually the matched filter design is obtained by maximization of signal 
to noise ratio (S/N matched filter). 

Matched filter for a specific binary sequence 

When the specific binary sequence of length L is being received the output of 
the matched filter at the instant of matching must equal L times the amplitude 
of each unit. This requires that the impulse response of the matched filter bo 
a time reversed replica of the input sequence. For a binary sequence of 0100111 
(zero signifies negative polarity) the impulse response of the matched filter must 

be 1110010. The output of the matched filter is then — 1 0 —1 0 1 0 

7, 0, -1 0, -1, 0,-1. 

Such matched filter may bo easily realized by means of delay line having seven 
taps, with the delay between consequetive taps being equal to the delay between 
unit signals of the binary sequence, and the output obtained at the different taps 
being combined with appropriate polarity. 

It IS well known that a taijped delay lijio with resistor weights at each tap 
constitutes a lin>«ji' filter. The anny of resistors with different amplifiers for ob- 
ainmg positive and negative value represents the impulse response of the filters. 



89 


On wide-hand communicaticm techniques 

The delay line accepts the incoming signal translating it across the spatially disti’i- 
hutod resistor weights. The maximum output at tlie adder occurs at the instant 
\^dion the desired signal fills the delay line. 

The delay lino may take a variety of forms (i) analogue LC or ultrasonic delay 
lino or (ii) digital delay line. The ultrasonic delay line is essentially a band pass 
delay line and may consist of an array of barium titanate transducers coupled to 
any sonic solid media having small dispersion. If the input signal is translated 
down in frequency to video infinitely clipped and sampled then the analogue delay 
line may be replaced by a digital delay line such as shift register, operated by a 
clock having a repetition period equal to the required unit delay. The advantage 
of a digital delay line is that at each tap (trigger stage) the signal is regenerated 
and that precise timing can bo achieved consistent with accuracy inherent in 
digital tocliniquo. Digital shift register permits the realization of extremely 
long high speed matched filter. Further the system is very readily adjustable 
for variable bit period while this poses a serious problem in any analogue delay 
lino. TJio jirincipal disadvantage is that as the input signal at a relatively low 
level has to be cliiipod, threshold effect causing suppression of the signal by the 
noiso sots in. Finally for a band pass matched filter two video matched filters 
one each for the two quadrature channels will be needed. 

Concluding remarks : 

In tliis pa))or we luivo discussed only the basic concepts involved in the 
utilization of P.r and orthogonal codes in spread spectrum comnmnicatifm. 
Detailed experimental investigation of the concepts and practical embodiment 
of such utilization will bo described in communications to follow. One point may 
still bo made. The problem of generation and encoding is quite simple; the de- 
coding technique on the other hand is quite complex. It would seem desirable to 
concentrate efforts on serial decoding (section 2) and sequential estimation aimed 
at Kimplifi(!ation of circuitry and reduction of processing time. 
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ESR and optical absorption studies on certain 
copper complexes 
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(Plate— 1) 

ESR and optical absorption studios aro mado in tho four cojijjor cuinploxos: 1. Coppor 
bis-(othy]enodminino) thiocyanate, 2. Copper bis-(ethylonpdiamiuo) fluoborate, H. 
Coppor dipyrideiio thiooyanato, 4 Copper iotiapyrnieno lliioborale. For thu first 
two, both single crystal and powder moasurenionts have Ijeen made. Tho principal 
f7-valuo3 aio ostimatod from an analysis of tho obsorvations in all tho complexes. A 
considerable covalcncy m tho metal ligand bonding is indicated. 


Introduction 

ESR Rtudios of diffororit copper complexes witli ligands such as HqO, N 2 and O2 
etc. have been the subject of a large number of investigations (Bleaney et al 1949, 
Abe ct al 1956, Rajan 1962, 1963, Rajan el al 1963). In particular, Maki 
ei «2(1959) and later Noimann et al (1961) have shown in their analysis of the 
ESR spectra of a number of these complexes, the importance of this method 
in understanding tho nature of the bonding of the copper ion with its ligands. 
Among those complexes tho eth3derio>diaminc derivatives arc of interest, as in 
these tlie copper 10ns are surrounded by nitrogen atoms of cthylenediamine, re- 
sulting in a considerable covalency in the metal ligand bonding, different Irom 
that in ordinary [Cu(H20)(j]^ complexes (Bose et al 1964, Ghosh el al 1965). 
Tho present work deals with mcasuroments at room temperature on four such 
complexes, which have not yet been investigated. These arc copper bis-(ethy- 
louediamino) thiocyanate, Cu(eu)2(SCN)2, copper biB-(olhylenediammc) fluo- 
borate, Cu(en)2(BF4).2, copper dip^Tidinc thiocyanate, Cu(py)2(tSCN)2 and copper 
totrap^nidinc fliiohorate, Cu(py)4(BF4)2, for the first three of which, crj^stiil stiuc- 
ture data are available in literature (hereafter those w’ill be referred to by their 
respective numbers given earlier). In the case of 1 and 2, single crystals as well 
as powder samples are studied. One advantage in each of these two crystals is 
that there is only one molecule in tho unit cell and hence, tho ESR spectra are 
expected to be simple without the complications that arise from the overlapping 
of spectra w’^hen there are two or more ions in the unit cell. An analysis of 
the experimental results has been attempted in terms of symmetry considera- 
tions that could be inferred from the known ciystal structure. For 3 and 4 the 
other two substances, only powder specimens aro investigated since difficulties 
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havo been expericncotl in obtaining them in the form of good single crystals 
suitable for investigation. 

Optical absolution measurements have been made on all the four substances 
in solution. The results arc given in the following sections, 

Experimental 

The EiSR mcasurenicnts have been carried out with the spectrometer used 
jireviously by the author (1908) The optical absorption measurements have 
been made on a Hilgor XJ.V.T (ultraviolet and visible) spectrophotometer in the 
range 350m/i- to 700m//. 

The comjilexes arc jircpared as m previous investigations on their crystal 
structiue. The methods of jiroparation and the known crystal striuttures are 
briefly given below. 

1. CuienUSGN)^ 

This is prepared (Bruce et al 1904) by the addition of stoichiometric amount 
of ethylonediamine to an aqueous solution of copper sulidiate at room temperature. 
Conversion to the thiocyanate is then done by the slow addition of barium thio- 
cyanate solution with rapid stirring and filtering off the precipitate of barium 
sulphate. The filtrate is vacuum dried over anlij^^drous calcium chloride. Violet 
prismatic (irystals of the aidiydrous compound are then obtained by slow cooling 
of a hot methanol solution. The crystals are tablets on (101) elongated in h 
direction, reported by Bruce et al (1904) as belonging to the tricliiiie system of 
space group PJ, the lattice constants being, a = 7.352 A, b — 9.3(34 Ac — 6.585 A. 
a = 86'’56', (i 113”25', y — r25'’U8' density p — 1 57 Z 1. 


2. Cu{enUBF,)., 

Ihis has been prepared by dissolving basic copper carbonate in fluoboric 
acid and adding ethylonediamine Violet coloured crystals separate out. These 
are rccrystallized from methanol solution. Single crystals of required size are 
obtained by slow evaporation of the solution. These are (Broum et al 1968) also 
triclinic, of .space group Pi, with the following lattice constants.’" a === 7.42 A, 
h^--.H22A, c=- 5 92 A, a 100"54', // = 105"12', y 1()6W, p 1 84 
1 

3 . CuipyUSCN), 

Glrecn coloured copper dipyridine thiocyanate, insoluble in water, is ob- 
tained by the reaction of copper sulphate with potassium thiocyanate and pyridine 
(Encyclopedia of Chemical Reactions. Vol III, Article J1 1286, 1949) Accor- 
dmg to Porai-Koshits a al (1959) the crystala are monoolinic and belong to 
the space group ajm with two molecules in the unit cell, 
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4. Gu{py)^{BF^)^, 

Tho preparation of this sample given by Tbers (1953) is similar to the fluobo- 
rato, the ethylene diamine having been replaced by pyridine. A fine deep blue 
crystalline substance is obtained and it is purified by recrystallization from 
ethanol solution. Although for this compound detailed crystal data are not 
available a morphological study reported by Ibcrs indicates an orthorhombic 
bypyramidal type of structure of space group P2i2i2i, there being four molecules 
m the unit cell. 


Results 


A(l) Single crystals of 1 arid 2 

The ESR observations on single crystals could be taken only on the first two 
compounds. In both these triclinic crj'^stals, a set of orthogonal axes, a*, 6*. c* 
liavo been chosen in order to facilitate the evaluation of the gr-tensor from 
cxporinuMital observations. These arc related to tho crystallographic axes a, h 
and c as follows ; c* " c, 6* axis is in ihe he plane and perpendicular to the 
c-axis, a* is perpendicular to h*c*(— be) plane. The angular variation of the 
K8R spoclrum is studied in the planes, 6*c*(— be) and a*b* (a plane perpendi- 
cular to c-axis) and ac plane. Tho angular variations of g^ in tho a*b* and b*c* 
planes in the first (1) and second (2) crystal, respectively, arc shown in 
figures 1 and 2, 



Figure 1. variation m Cu(on)a{SCN)j in a* b* iilaiio. 


As the crystals contain one molecule in the unit cell, a simple direct method 
IS adopted for the calculation of the (jf-tensor, as was done in the case of dibarium 
copper formate tetrabydrato (Ramasubba Roddy et al (1957), which also crystal- 
lizes in the triolinio system and contains only one molediile in the unit cell. This 
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procedure i.s I.a,so<l goucr>rIly on those devolope<l earlier by Piyco (1960), WeiI.et 
111 (J058) and 1)3^ Uoso ci al (1964). 



1 vaiiation in (Jii(oii)j(BFj)j in t* pluiio. 


if ]j, la and I3 are ilio direction cosines of the magnetic hold with reBiject 
to a^, and (•* axes, we liavc^. 


where al■(^ the components of the (/‘^-tensor (symmetric) in the a*t*c* system. 
When those cociricjents arc known, tlie ijriiiciijal (/-values are found by diagona- 
lizing the matrix A. The three roots of the secular equation 

det[J-A/]-0 ... (2) 

are the squares of the principal (/-values 

In 6*0* plane, if 0 is the angle between the magnetic field and c*-axis, then 
/i — 0, 7 a = sin 0 cos 0 

and the above equation simplifies to 

(f' — A22 sin^f?-|-^33 coB“( 9 -|- 2 A 23 sin 0 cos B ... ( 3 ) 

The (/- values along c* ^ c axis and 6* axis gives and ^22- ^23 obtained by 
tlie least square fit method frojn the above equation ( 3 ). The values obtained in 
tlie two crystals 1 and 2 arc 

^122- 4 26 ^33^^4.26 ^23 === 0.06299 for 1 
^122 = 1.28 ^33 = 4.73 ^23 = 0.0563 for 2 
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In tho a* 6* plane if ^ ifl the angle between the inagnctie field and the 6* 
axis then 

/i “ Bin (j), /a = cos ^ /j = 0 

HO that 

<7- = Bm^^+^22 008^0-1- 2yli2 sin ^ cos ^6 ... (4) 

The values is taken from h* c* plane. A^ is obtained fj'om the f/'*- value along 
a* axis. As in the h* c* plane the value of A^^ is obtained by least square fit 
method using the equation (4). This gives 

.4ii == 4.73 ^12 = 0.0533 for 1 

^u = 4.28 Ai 2 = 0.0622 for 2 

In the ac plane along a -axis, the expression for contains all the coefficients 
of Avhich five are already known. Further the direction cosines of the a-axis 
Avith respect to a*, b* and c* axes are given by (using the known crystal structure 
data), 

/g® — cos /i = —0.3009 ig® ~ cos 7 cos (a— 90) = —0.5746 
= 1_[(/3«)-!_(/2“)2] 1/2 = 0.7166* for 1 
// = 0,2622 /a® = -0.2736 /j® = 0.9255* for 2. 

Using the value of g"^ along a-axis tho sixth coefficient A^^ is obtained as 
Aia = 0.2094 and 0.2162 ro8]>ectively for 1 and 2. 

The g“ tensor | A | with respect to the coordintc system a*, h*, c* is therefore 


(4.73-A) 

0.0533 

0.2094 


0.0533 

(4.26-A) 

0.0529 

for 1 , 

0.2094 

0.0529 

(4.2G-A) 


(4.28-A) 

0.0622 

0.2162 


0.0622 

(4.28-A) 

0.0563 

1 for 2. 

0.2162 

0.0563 

(4.73-A) 



*Ab is generally oustoraary in those calculations tho positive sign has been adopted. 
However further oaloulation has shown that tho adoption of the negative sign does not lead 
to any appreciable change in the result. 

4 
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Tho solution for A for the resulting respective cubic equations 
A=‘~13.25A2+58.3978 A-86.6274 = 0 for 1 
A»~13.29A2H-59.2536 A-87.4252 = 0 for 2 . 
give tile following three < 7 - values. 

( 73-2 197 j 72 = 2.004 = 2.041 for 1 

f /3 = 2.201 f /2 2.071 f 7 i = 2.045 for 2 

In both the cases a nearly tetragonal syinmeti y is indicated. The difference 
between g^ and g^ in both cases is considered to be slightly greater than due to 
experimental error. The principal f/- values are 

r/,i = 2.20 .^1 = 2.05 for 1 

grii = 2.20 gi = 2.058 for 2. 

Tho angles Ot between the axis of symmetry and the a*b*c* axes are obtained 
i’rom the equation 

-Ui = (7ir siiiVy^ ... (5) 

where i = 1 , 2 , and 3. Those are given below together with the orientation of 
all the gin with respect to the chosen system (table 1 ). 

The values of 0^* ai'e also deduced from the respective crystal structure data 
of the two compounds, these are 80° and 34° respectively, in good agreement with 
ihc experimental values 


Table 1 Principal ( 7 - values and their orientations with respect to the elioscn 
axes, a*, b* and 0 * 


iSubstanco 

Principal (/-value.s 

Angle 

a* 

with respect to 

b* 

(;* 

Cu (on)^ (SCi\)j 

!7j - 2.197 

24°36' 

73°10' 

7r47' 


j/2 2.064 

72°19' 

26°28' 

72°13' 


Oi = 2.041 
gi = 2.06 

72*^36' 

70°38' 

-26°3r 


fl'ii = 2.20 



76‘’00' 

Cu (en)2 (BF4)2 

•/j ^ 2 201 

67 '^'64' 

76°62' 

(80“)+ 

24'’68' 


J/i = 2 071 

72°00' 

24"68' 

74°46' 


f/i - 2.045 
gi 2.058 

28^^68' 

70^36' 

69'’20' 


g„ = 2.20 



35“16' 





(34“)+ 


( Values obiainod from crystal structure data. 
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(2) The powder 

ESR absoi*ption of crystalline powder samples of the above two compounds 
has shown asymmetry in the line shape, as may be seen from figures 3(1) and 
3(11) (Plate 1). The shapes are similar to those obtained by Kneubuhl (1960) in 
substances with two principal jy-values g\\ and . The following values are 
deduced from the derivative tracings 

Cu(en)2(SCN)2 Cu(en)2(BF4)2 

gw 2.19 2.20 

j7l 2.03 2.07 

3) Optical absorption studies 

Ojdical absori)tion of these two substances in aqueous solution of 0,01 
porcejvt has given two distinct peaks in each (figures 4 and 5) at the following 
wave numbois. 

Cu(eii).,(SCN), Gu(en) 2 (BF,). 

18018 cm-i 18691 cm~i 

17094 cm-i 17857 


elc -(fLthylanarflamln*) Coppar H ThiMiwnai* 



Figure 4. Optical absorption spectrum of Cu(on) 2 (SCN).^, 
Ai-(Ethyian*«amln>) Coppvrl PiMobonta 

I [cu(nH 2 
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Figure 5. Optical absorption apectrum of Cu(en) 2 (BF^)^. 
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From these absorption frequencies the covalency reduction factors are ob- 
tained using the following expressions of Bose el al (1965) and of Ghosh et al (1967) 
anti of Pal et al (1968). 


“'ll - ^ {Er J 

_ , f , Rl AHRr -Ei\Kx ) 

0^ XE^-E{f 


... (C) 


2iJ||i= K'x -B'l EiJ \ 

(E,-E,)^ (E^-ExHE^-E,) J 

where A is taken as — 828 cni"^ for copper and 1^\\, 7?i and ^n, K± are spin orbit 
and orbital reduction factors respectively, arising out of the covalency effect in 
the metal ligand bonding. and (E^—Ej) are the ligand field splittings. 

The parameters appearing in the above expressions are Ji\\ i2'|| Bi R'l, K^^ K'\] 
and K±K'± and simplifying approximations are made which make very little 
difference in the ultimate calculations. Since the primed and unprimed para- 
meters appear in the third order expressions for (/n and gx , the covalency reduction 
factors associated with the matrix elements between the two d(r) orbitals and 
that between d(T) and d{p) orbitals are the same: d{T) and d{p) are the atomic 
orbitals (dj.^, dy^, d^,^) and {d^z^_r^, where the quantities given in the 

brackets are the five degenerate states of the free ion. Therefore B\\ = JS' etc. 

In this case much simplication can be made due to the fact that from ESR 
and optical absorption data only the products of 7?|| and li^ ifj. , but not the 
individual quantities, are obtained Therefore the above expressions can bo 
written by neglecting all the terms except the first two and they are as follow^s 




O , 4-ig||A^I|A 

-L {E,~E,) 


h-2 




1 

1 


( 7 ) 


The values of .^n K|| and for the two crystals aro given below. The 

results indicate a considerable covalency in the metal ligand bonding. 


Cu{enUSCN), 
^11 0 52 

Ml Ki 0,54 


Cu{en).x{BF^), 

0.54 

0.64 
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B. Powder patterns of 3 and 4 

The derivative curves obtained for the powder specimens of the two pyridine 
compounds are also shown in figures (3) and (4). The respective principal 
(/-values that are deduced and the absorption frequency in the case of Cu(py) 4 (BF 4)2 
together with the estimated value of the covalency factor, arc given below 
for Cu(py) 2 (SCN ‘)2 no clear absorption peak has been observed. 

Since only one peak is obtained in tho absorption in 4, the RK value is esti- 
mated by taking tho average 17 -value and using the approximate equation 



\ 1/2 _ 4 AM 

T I ~ Ke 



where the following approximations liavc been made : i2||A^|| RiK^ RK 
wliicli is strictly valid when 7r-bonding is neglected, and E^—E^ 7 :^ E>^~E^ ^ t^E 

3. Cu(piMSCN)^ 4. Cu{py),{BF,). 

g\l == 2.28 g-li = 2.30 

(/i = 2 02 gj_ — 2.02 

AE = 14493 cm“i 
RK =- 0.64 

As in tho first two compounds, the RK value indicates considerable covalency 
ill the metal ligand bonding in Cu(py) 4 (Br 4 ) 2 . But the value may be considered 
to be only approximate 
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Linear flow of heat in a semi-infinite-finite solid 

By S. K. Ghosh and 13. Bhattachahya 
Department of Engineering Physics, Jadavpur University. 

(Received 8 November 1969 — Revised 26 March 1970) 

A i)ri.ibloiii oil lionductioii of heat in bomi-iiifinito-fiuite solid has been solved following 
J leiiviBide’s Opoiaiional method Unlike La]ilace iraiisfomiation methods which 
invuUe coiuiilicated ti'ansfoniialions and Holutions, the prosont inothud linds the 
( oirc'ct .scjlutioii 111 a Hiinplo way. Expressions foi temperatiiio distiibiition in a finite 
ami nifiniio solid ai-u ('asily obtained iSpocial cases of a thin film attached to a long 
solid having wide applicat-ions in Engmooring to the theory oJ' thin films have been 
workod out from the general theory. 

Introduction 

in solving ihv' general })r()blem of heat conduction through a semi-julinite-linite 
solid w'O take th(‘ following simplifying assumptions. 

1 Heat How tlirough the solid is linear i.e., one dimensional, 

2. Thi^ media in the two regions are isotropic as regards conductivity, 
density, specific heat. 

8. Wo neglect the loss of Jieai in our calculations. 

4. There is no thermal rcsistanc(‘ at tlio point of contact. Symbols used 
iLi'i! as follows ; 

v^, and h^ are the temperature, conductivity, density, specific heat 

and diffusisdty respectively, in the finite region, i.e. —l<x<0, and v^, k^, 
f).. and are the corresponding quantities in the infinite region, i.e. x > 0. 

I — Lcngtli of the finite rogion. 

X “ Variable measured along the direction ol propagation of heat-flux. 

V — Temperature of the source, i.e. at x — —1. 
i — Variable time, and 



Method of Solution 

The differential equations to bo solved are 



1 

h. 


—l<x< 0, 

t > 0 

(1) 

dx^ 

1 


sc > 0, 

t > 0 

(2) 
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Assuming lhal tliore is no (mntact rcsistanco at the surface of separation 


x~0, the boundary conditjous are 



... (3) 

Vi — V 2 , a; = 0, t>0 

... (4) 

With initial tompciatnre zero and x ^ —L kept at V lor 1 
and (2) in openitiojial fojiu becomes, 

t > 0 equations (1) 

= -<<*<0 

ox^ hi 

... (5) 

= »>0 
ux^ 

... (6) 


Let us put P and then the equations (5) and (6) become 

/q li/2 



... (7) 


... (8) 

The solutions of equations (7) and (8) arc 


Vj = A cosh qiX-\-B sinh qix 

... (9) 

= Q cosh q 2 X-\-D sinh q^x 

... (10) 

Where A, B, G and D constants to be determined 
conditions in (3) and (4) and are as follows ; 

from boundary 

^ 


cosh g’iZ+^’“®®-sinli qil 



Kq,V 

kiqi cosh qil-^h/ii sinh q^l 

<fAV __ 

k^q^ cosh q^l -{-q^k^ sinh qjl 


jp _ _ 

cosh qil^k^q^ sinh qj, 
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Now substitution in equation (9) and (10) yields 
„ coBhgia-ff B inhgi J! 

‘ ooBhfil-fo'Binhg,! ■” ' ^ 




y — y 

® cosh qil-\-(T sinh q^l 

where o’ is a constant and given by 

^ ^ ^2 ^ f ^2PgC2 


Expanding the hyperbolic sines and cosines and simplifying, 

"i"" (l-OTe-2»i') 

2 V e-«i‘ 

““ 1+0- 

wlicj’c ya == , a constant. 

O’+l 

To know the variation of and with time we express and q^ in terms 
(h* D, operating on Heaviside unit function H{t) and remembering that 

Il{t) = 0, i<0; 

U{t) = 1, « > 0. 

the equations (11) and (12) turn out to be 


( 11 ) 

( 12 ) 


W + +me-^‘ {(<&'+ m ] 

r X 6^ 1 

+w» . e"'’ ) + ... ]h(0 

,.5?, ..I . (2n+l)l+x , (2»+l)!-®\ 

■ • ^ I -mr ) 


(13) 


(W) 

(16) 


6 
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where * ( Ag ) 

Again, the toiiiporatiire gradient at the Burface is feiind to bo 

I'br large value of time the exponential may be replaced by unity and wo have 

( £ ). = - (nhj> {l+2M(l+,«+m^+...)} 

" (*+ iS ) 


(n/iif) 

V 

{Trhit)^ ^ J^iPiOi 




Tlic. equation (18) is in agreement with that obtained by Carslaw & ifaegar 
(1959) who used this equation for a correct estimate of the age of the (‘arth. Taking 
tho case of granite and air as the composition of earth and the surrounding thin 


film of air, the quantity ^ j comes out to be nearly 450. 

observation was made by Carslaw & Jaeger 


A similar 


Special Cases 


C(Use 1. When I is small, that is, when a thin film oi’ another substance is 
attached to the semi-infinite medium, expanding the hyperbolic functions and 
retaining only upto the first power of I we have from equation (lO-l) 




hV 


q.x 


where 


“ i+cr(/i^ ‘ h-\-q„ 

The Operational solution of the above equation will be 

2 ®. xcrfc( +/.(A,«)'} j 


h 


kji. ' 


... (19 


The equation (19) is computed by using the following data : 

The material of the film is cork of conductivity = 0*0001 and diffusivity 
hi ^ 0-0()14. Tho second material is taken to be coppier whoso conductivity 
k.^ — 0-93 and diffusivity h,^ = 1-14. The temperature is calculated in 
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Mie specimen at different distances a; ~ 10 cm, x = 50 cm, £C === 100 cm, after 
one liour when the temperature is assumed to be steady. 

A theoretical graph is drawn between the film thickness vs. temperaturf^ on 
the infinite region at different distances. This is slioAvn in figure 1, At a 



given value of .r iiicri^asing the film thickness decreases the value of temperature 
At low value of thickness, in all the three cases, the temperature rapidly fahs to 
a lower value. 

Case 2, Retaining the terms upto we have liom equation (10-1). 


- V 


where 




■-= v~. 


/Ml ;cr/Oi , I „,J 

,, mK 

^ =~2C' 


-- hV 

h'q2“-\-q2^-h 


hV 

W ' 






Now two case may arise : 


... (20) 


I. When the roots of the equation real and unequal, 
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( 1 \ 2 4A 

— j > and given by 

, „4±((tr-4r 

[-a,-/f]= -2 

then by the method of partial fraction, equation (20) becomes 


hV f e-ffa* 




41 


} 


( 20 - 1 ) 


?2+“ (Zz+A ^ 

The Operational solution of the equation (20-1) will be 

2Wl+“(V)* }-J O'* 

-h-l . X crfcj 2-j,~y, f /?(*.«)* } ] (20-2) 

II When the roots of the equation 9^2^+^^, ~ ^ equal 

1 \ 2 


i.e., when 


/I \ 2 

U') 


then the equation (20) can be written as 
. c“«2a^ 


... (20 3) 


The Operational solution of V2 in equation (20'3) 
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Since 4M' = 1 . 


X'*l2fer+-^11 ■■■'="■•'> 


Conclusion 

The equations (19) and (20) give approximately the temperature at any 
depth in the semi -infinite region bounded either by a thin film or a film of finite 
thiokneas having definite thermal capacity. The (‘quation (20-4) shows that 
the temperature ?/'2 ia independent of the conductivity of the thin film. This 
clearly indicates the development of new thermoplastic device satisfying the 
condition AM' — 1, i.e. 

Further work on the heat flow in composite solid in which the conduc- 
tivities vary with distance and the rat(^ of heat production also varies with 
depth is under consideration 


Repekence 
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Some special studies on dynamic response of a simply 
supported beam to impact loads 

By R. N. Das 

University College of Engineering, BurJa, Orissa 
{Received 17 November 1969 — Revised 17 Februaiy 1970) 

(Plate — 2) 

Tn thia papm hi-oad aspncts of nnpacl- bcliWeen a uniform Imam suppnrti'd at its ends 
and a transvmiscly impinging load at lia midspan have born analyKod Tho effoct of 
tlio Riiikiiig \olociiy of the load on the duration ol impact in the light of Hertz’s (1927) 
rlieofy is discuaacil The range of application ol Cox’s (18i50)lheovv with respect to “mass 
ratio'’ has boon explained. The vibration pattoni of the beam, the duration of imjjiicl 
and the energy absorbed by the beam during impaet are studied in details both theo- 
letieally and expeiimeiilally. Photographic method of ineasuveinont ha.s been used 
111 the exponinents. Mxporimeidal results nie in exeellent agroeinoiit with the theory. 

Intkodtjction 

TiivoHtigations on ilic boam -impact problem liavc been made by Cox (1850), 
TjmoHlionko (1956), Hoppman (1948), Banerjec (1966a) and others. Recently 
tlic aiit/hor & Mialita (1968) following the deductions of Bauerjeo (lOCCa) 1ms 
devoloiied a general theory on IransverKe impact on a Him))ly supported hoam. 
Tn the present investigation the authoi using various beam-load combinations 
has made some special studies in details concerning the displacement, period 
ol‘ vibration, the energy of the beam and the duration of impacd. for a Biniply 
supported beam under central imyiact. further, the results of the present ana- 
lysis of the author have been compared w'lth those of Cox’s (1856) theory. Theo- 
retical results have been verified experimentally employing photographic inethf.d 
of racasurement 

TllEOEY 

Let us consider a unifbrm beam of length I, mass M, Young’s modulus AV 
ami moment of inertia about the neutral axis /, simply supported at its ends 
~ 0 and X = I and transversely struck at mid-span [x ^ a ^ 112) by a load 
ol mass m wnth a sinking velocity F„ 

Displacement of the beam and pressure of impact of the load. 

The analysis of Das (1968) yields the following expressions given by 
equations. (1) to (4). ° -i & . 

2 sinhy g . sin yg 

sinh yg . sin®^® — Bin . 8mh2-|^ 




m 

M‘ 

E,' M P 


( 1 ) 
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P — 4;«,Fo Bs 5fjf • sin 


(4 1) 


i 11 1 1 

Vi/g 4M [c!OS7jj-|- 1 cosliy^H 1 


(4.2) 


anIu'ic, y., — pure number (tor .s ^ 1, 2, 3, ... etc.) representing rliiYerent modes 
of vibiiitlon, r/g --- circular frequency of the vibrating beam, y/a — displacement 
ol’ the beam at the struck point {x — a = //2), yi = displacement of the beam 
at any point x < t/2, y., ~ displacement of the beam at any point x > i/2, 
P r_ j)rcssurc of impact (impact force) of the load, i — variable time, = shape 
clastic I’actor (elastic coiLstant other than Young’s modulus, Banorjee 1966a) 
of the load. 

Duration of impact and its dependence on the striking velocity of the load 

In the present analysis the duration of impact 0o i® defined as the time 
elapsed from the instant the beam tuid the load come in contact to the instant the 
contact terminates. In case of “multiple contact” it is therefore the duration 
of first contact. 

Considering Hertz’s theory of impact the duration of impact can be divided 
intio throe distinct periods, namely First Hertz, Hooke and Second Hertz, respec- 
tively, as has been done by. Ghosh (1940) and Banerjee (1966c) , 
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During each Hertz period, P— — (5) 

During the Hooke period, P = —Eju ... (6) 

whore h^^ — Hertz constant, and ii — compression of the load. 

The duration of Hooke period ^ is the lowest positive root of t other than 
zero, obtained troin equations (4) by solving P = 0. The duration of each 
Hertz period t„ as given by G'hosh (1940) and Banerjee (1966c) is T^^ == uJVq ; (7) 

where, U(, is the limiting value of u at the end of each Hertz period Thus, the 
total duiation of impact is ~ ^-l-2uQ/Vg ... (8) 

Emrgij of the. hemii 

ii'rom equation (3 1 ) the velocity of the load at any instant during impact is 
=== ^ = 4 cos q^t ■ . • (9) 


The eiieigy absorbed by the beam is assumed to be the energy lost by the 
striking load during impacl and is given by where V/ == velocity 

of the load at the termination of final contact and can be obtained from 
equation (9) The iiutial energy of the load is —lmVg\ Thus, the energy 
absorbed ratio of the beam (i.e , the ratio of the energy absorbed by the beam to 
the initial energy of the load) /z is given by /i = I — { VflVg)^ ... (10) 

Impact on the beam at its midspan by a large striking mass 


AVlieii the mass ol the striking load is veiy largo in comparison with the mass 
of the struck beam (i.e mIM is large), equation (1) indicates that for *■ .= 2, 3, 
etc., 75 will tend to assume values 57r/2, 97r/2, etc., approximately, and the 
values of ^^/(coth yg/2 cot 7^/2) will tend to infinity. ISo no other terms except 
the fundamental (^ = 1) will bo present (since ^8 = 0 for s = 2, 3, ... etc ) 
as given by equation (3.4). will be approximately 7r/2 and the value of 
7i/(coth 7 j/ 2— cot 7 i/ 2) Avill be approximately 3. 

Thus, combining equations (3.4) and (9) the final velocity Vj of the beam and the 
load after the termination of contact for = 7^/2 is 



... ( 11 ) 


Equation (11) can be well compared Avith the expression of Cox given by 




1 + 


17 M 


36 ' ni 


( 12 ) 


ill which (17/35) M is the reduced 


mass of the beam. 
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TIio deflected shape of the beam carrying a concentrated load at midspan (a === Z/2) 
can bo written as 


Avhore, and (^a are the static displacement of the beam at any point x <112 
and X > ?/2 respectively, and ^ is the static displacement fit x = a = l{2. Using 
Maclaiirin’s expansion scries equations (3 2) and (3.3) for the fundamental mode 
of vibration (*■ — 1) may be written as 




where j/a is given by equation. (3.1) 


Cl ^ Ji 


yx 


sinh . sin-^^ — i 

sinli . sin^ 


-Bin 71 sinh|i 
—sin 7i . sinh^ ^ 


siiih 7j . sin -fsin 71 sinh 


sinh 7i , sin^* Ti 


unhp 

sinh^p- 


... (14.1) 


... (14.2) 


... (14.3) 


... (14.4) 


Foryj 77/2, (‘-1 and c, are found to be ajiproximatel}!' 3 and 4, respectively. Thus, 
as indicated by equations (13) and (14), the deflection curve of the beam during 
ijiipact duo to a large striking mass has almost ihe same shape as the static 
clcllcction curve. With this assumption Oox had developed an expression for 
dynamic deflection of a simply supported beam due to a falling load at the 
centre (a -- i/2) of the beam which may be written as 


Va = ^o4- 


0 



(16.1) 


6 
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wlicie, 



g = accleration due to gravity. 


With the help of 


equation (1) the value of mIM for = w/2 is found to be 7.4. ... (16.2) 


Thus, the equations (12) and (15) as given by Cox theory can be rightly em- 
ployed if the ratio of the mass of the load to the mass of the beam (i.e. m/if) equals 
or exceeds 7.4. Compared to this the author’s analysis is perfectly general and 
equations (3) and (9) can be utilized for all mass ratios. 


Experiments 

Particulars of beams and hammers used in experiments are given in 
table I and 2 respectively 


Taulb 1. Particulars of beams. 


Boam 

Material 

Length 

(era) 

Diameter 

(cm) 

W eight 
(g>T™) 

(kg/cm3) 


MiUl atool 

90 

1.27 

869 

2 07X10° 

B, 

Braas 

90 

1.27 

959 

0.95x10° 


Table 2. Particulars of hammers (spherical ) 


Hammor 

Material 

Weight 

(gm) 

Kadius ut 
cuntact surface 
(cm) 


Mild steel 

908 0 

2.95 


Mild BtGol 

294.4 

2 00 

H, 

Mild steel 

20K.5 

1.98 

B, 

Mild steel 

213.6 

1 91 


Mild steel 

106.0 

1.47 

lU 

Brass 

204 4 

2.00 


Tlie experimental results of this investigation presented in tables 4 and 6 
and figures 2 and 3 are entirely based on the photographic method as lias been 
used by Banerjee (1964). The set up and procedure for obtaining photographs 
are exactly the same as employed by Das & Mislira (1968). A camera box with 
a narroAv vcrtjeaJ slit in its front face and a tuning fork (100 cycles per sec) are 
placed parallel to the beam with the slit exactly behind the struck point The 
hammer is allowed to drop from the desired height above the beam. Light 
from a carbon arc lamp is focussed to the slit of the camera box to obtain 
photograiihs of the motion of the beam and hammer and also of the pointer of 
the vibrating tuning fork on the running photographic paper pinned on a photo 
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carrier (sliding inside the camera box). A few of the photographs so obtained 
are shown in figure. 1 (Plate 2) and their details in table 3. 

Tables. Details of photographs 

Boam-hammer Bi-Ji-^ Bg-Ha 

f^irikmg velocity cm/sec 100 200 200 200 200 200 

llpference to figure 1 (Plate 2) A B C D E F 


For finding the energy absorbed by the beam during impact duo to a particular 
hammer the experimental arrangement is similar to that used by Banerjee 
(I9G66). The velocity Fq before impact and the velocity Vj after impact are 
calculated, respectively, from the measured drops and the corresponding rebound 
heights of the hammer The experimental values of the energy-absorbed ratio 
fi of the beam (tabic 0) are obtained from equation (10). 


Results 

For a particular beam -hammer combination equation (1) is solved graphi- 
cally and then using the method of successive approximation closer results for 
the values of jg (.5=1, 2, 3, etc.) are obtained Accordingly the results of the 
present tlieoiy are given in tables 6 and 6 and figures. 2 to 4. 





2 I 1 1 1 1 1 1 1 1 J 1 1 L , I 

0 100 200 300 

V,,CtTii|Sec ^ 

FiguTf 2. Theoretical (equation 8]. Experimental (from Pla.to 2. Variation of the 

duration of impact (^io) with the striking velocity Fp for the beam struck at 
midapan by hammer Hg, 
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Figure ;{ I Theoretical (equation 3 1) Experimental (figure IB Plato 2). Time vs. 

displacement curves of f hn stuck point (midspaii). Beam Bi, hammer TI 2 , V(, = 2()0 
ems/Soc. 



Figure 4, Theoretical curve (equation lU) of the cncigy-ahsorbed ratio M, us, ‘mass-ratio’ 
M /m for the beam Bi st ruck ut niidspun 


Table 4. Exi>crimental valiios of the duraiiou of impact 0q and maximum 
displacement (//^ max) at the struck point (midspan) of liho beam for 
different striking velocities Vq - 


Ku (cm /hoc) 


100 

150 

200 

250 

300 

00 ( 10 -" see) 

Beam 

Hammer 7/^ 

2 HO 

2.00 

2 65 

2.4K 

2 ■ 43 


Bearn By 
Hammer 

2 98 

2.74 

2.62 

2.66 

2.60 

2/a rnax (mm) 

Beam By 
Hammer 

2.762 4 1H2 

6 540 

6 934 

8.3:if 
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Table 6. Comparison of theoretical and experimental results for various 
boam-liammor combinations. The beam is struck at inidspan with 



— 200 cm /sec 



Boam-haminer 




IMaximuin displaORmoni at 
struck point max, mm 

Present theoi-y 
equation 

12 23 

5 492 


Cox Theory 
equation (15 1) 

12 55 

5.487 


Experiment 

12,27 

5 540 

One-half of the period of 
vibrntion t, .see 

Present theory 
equation (3.1) 

0 0280 

0.0204 


Experiment 

0.0273 

0.0202 


Table G Theoretical and experimental values of the cncrpiy- absorbed 
ratio (//.) of the beam struck at midspan. 


Hammor 

Theoretical 

Experimental 


(Equation 10) 


Hi 

0 7219 

0.7396 

Un 

0 9681 

0 9614 


Discussion of Besults 

1. For a particular beam-hammer combination the duration of impact, 
diiniiiishos in magjxitudo as the striking velocity of the hammer increases (table 
4 and figure 2) 

2 For hammers of different materials having equal weight and equal radius 
at contact .surface strikiJig a particular beam with equal striking velocity the du- 
ration of impact is different (table 4). These small variations are due to the 
diffei-once in the elastic properties of the striking hammers. 

.‘1 For the beam struck by a particular hammer with different sinking 
ve.locitios the ratio between the amplitudes of experimental time-displacement 
cui'i'cs (and thus the maximum displacemnt) of the beam and the corresponding 
striking velocity of the hammer is nearly the same (table 4). This is in lull agi'ec- 
iiKMit with the theory given by equation (3.1). 

4. 3’he general shape of vibration curves of a particular beam struck 
hy hammers of equal mass but of different elasticity is almost alike (figures 
IB and ID Plate 2). 
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5 Tile vibration patterns of beams of different materials (hence different 
masses) liavingi same length and cross-section are almost similar, the ratio of the 
mass of the beam to the mass of the hammer being equal in each case (figures 
IE and IF Plate 2). 

6. Fot‘ a particular beam, as the mass of the hammer decreases, the ratio of 
the loss of energy to the initial energy of the hammer, i.e. the energy-absorbed 
ratio of the beam tends to assume a constant maximum value (figure 4). 

7 For a simply supported beam struck at midspan, the Cox theory can bo 
rightly applied when the ratio of the mass of the load to the mass of the beam 
equals or exceeds 7.4. 


Conclusion 

Outside the duration of impact the motion of the beam given by displacement 
equation (3.1) will be affected due to the detachment of the load and its subse- 
quent contacts with the beam (i.c. due to ’‘multiple contact”). Thus the resultK 
of the present theory given in figures 3 and 4 and tables 5 and 0 are to be slightly 
modified. This aspect is at present under the studj^ of the author and vill be 
reported in a subsequent jiaper. 
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Tho anisotropy and ausoeptibility of the iialurally ocounng single crystals of woltramito 
(Fo,Mn)W 04 wore measured over the tomporaturo range from 90°K to 700°K. 
Although wolframite is a mixed crystal of Fe2+ aad Mn®+ ions, tho magnotic be - 
haA'iour of each type could bo separately obtainod by asaumiiig a pcjrfoct Curio law 
and magnotic isotropy for Mn“+ in this mixed system Tho anisotropy and suscepti- 
bility due to Fe® ^ ion only, calculated from those of tho observed values of the mixed 
crystal wore then compared with tho theory worked out on tho method based on 
Abragam & Pryce and Bose et at. Both the spin-orbit coupling coefficient and the 
efCoebivo orbital reduction factors along and perpendicular to the trigonal axis of 
symmetry of the ion are reduced aniaotiopically from its free ion value indicating 
aiiisotropio overlapping of the central charge clouds of Fo2+(3d“) with s~ and p- 
chaige clouds of tho aurrouiiding oxygen ligands. Inferencoa have been diawn regard- 
ing tho maiked variation of the anisotropic ligand field with temperature. 

Introduction 

Wolframite [(Fo, MnjWO^], tho chief ore of tungsten occurs in nature in the form of 
crystals commonly of tabular form, belonging to the monotslinic system and having 
porfoot cleavage alonging tho (010) plane. From some preliminary magnetic mca- 
siircmcnts (8i)oker & Mitchell 1958) vdth powdered samples at room temperature 
only, it ha.s been found to bo highly imramaguetic. But no fiu'tlior investigations 
w ith single ci-ystals and at different temperatures v'hich are essential for under- 
standing its paramagnetic behaviour have yet been reported. We have therefore 
undertaken an extensive series of measurements of the magnetic anisotropies and 
suscoptibilities of some well developed natural crystals of wolframite over a wide 
i'auge of temperature (90“K to 700“K) and tho present communication gives an 
Jicctmiit of these measurements as well as a discussion of the results in the light 
of the existing theories (Abragam & Pryce 1961, Bose et al 1961, 1966). 

Experimental 

Samples. Good samples of single crystals wore cleaved out from a specimen 
ol wolframite obtained from the collection of Late Professor K. 8. Krishnan in 
tins Association. A chemical analysis of the sample yielded the follo'wing results : 


SiOa 

— 0 68% 

FoO 

— U.68% 

MnO 

- 9.16% 

WOa 

— 76.50% 
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i.e., (0.014 FeO, 0 1380 MnO) WO 3 as the composition of the wolframite sample, 
a, sod in (jur investigation. 

TJie reported structural data of wolframite (Wyekoff, 1965) as given below 
liavo tiLso been verified hero by X-rays. 

Oi'ystal system : monoclinio space group ; 

Unit cell dimensions . a ~ 4.82, 6 — 5 76, c ~ 4.97, /? = 9()“6iJ' 

Tliorc arc two molecules in the unit cell, one being derived from the other 
by i*( 3 flection in tlio ( 010 ) plane. From X-ray data it has been found that the 
octahedron of six oxygtin atom-s surrounding each Fe^-^ or Mn^^ ion, ha.s an a]»- 
pi'oximate trigonal .symmetry. It is important to note here that the ]V[n“+ ion 
tiliow-s practically no anisotropy compared to the Fe^ '■ ion (Krishnan et al 1936, 
1988) HO that the anisotropy of the crystal may be safely treated as arising 
from the Fe^i- ion only. The mean susceptibility is contributed by both the ions 
according to their individual effective momont.s and concentration in the crystal 
It IS howcvci , known tliat the effective moment of octahedral Mn 2 ^- is very close 
to its spin only value and obeys Curie-law very closely. Thu.y, as will be seen 
later the peculiarities in the anisoti’oiiy and suscejitibility behaviours of the crystal 
will bo mainly the features of the Fe 2 + ion contained in it. 


Measurements oe ANisoTitopy 

The magnetic anisotropy of the crystal was measured by the usual ‘null de- 
flection’ method of Dutta (1956) uliich is a much more precise modification of the 
‘critical torque’ method of Krislman et al (1930). The crystal M'as first su.spciide(l 
with 5-axis vortical. The crystal being monoclinio with /? ~ 90'^ and i-axis coin- 
ciding with the principal crystalline susceptibility wo have from the mcasui'c- 
meiit ivith this suspension 


^X = Xi~X2 ... ( 1 ) 

where Kx ‘s the iininotrojjy iu the horizontal plane, ( 010 ) in this case and Xi » 
arc the uiaxhnuui and minimum principal crystalline suscoptibilities, respectively, 
in this plane. The sample crystal was in the form of an approximately circular 
disc, the plane of the disc being parallel to ( 010 ) plane. With such a sample 
tt-axi.s or c-axi.s could not be recognised in tlm a- c plane and hence the usual 
piocedurc could jiot be adopted for further measurement of anisotropy with some 
other kno\vn axis vertical. Hence wm adopted the following procedure. An 
ai itiaiy line w.ts marked on the sample disc and its orientation with respect to 
I axis was noted (at diffeient temperatures) during measurements with 6 -axis 
vertical (see Datta 1956). 
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The crystal was thoxi suspended with this arbitrary line in the a—c plane 
vortical The crystal was found to set with 6-axis perpendicular to the magnetic 
field. From measurements with this susxxension we obtain 

^a: == (a:i-a:3)“(a:i-a:2) (2) 

where 0 is the angle between the arbitrary lino and Xt direction. 

Principal Ionic Anisotropies 

From tlie above values of crj^stallinc anisotiopics the principal ionic aniso- 
tropy (whicli as already uientioned refers to the Fe®+ ion) can be obtained as 

foll(JWH . 

or iU’-ZMl = (A'i-A:2)H-(Ah-.V3) "'hen Ki < K\\ ... (4) 

wlicrc K is the principal ionic susceptibility along the ti igonal axis of the Fe*^ ' .Oo 
clustoj’ and Kj. is that jierpondicular to that axis. 

Also, cos 2^ ^ when > AA 

A|i— Ai 

ami when K„ < Kj. 

Kl — All 

wlieio 20 is the angle between the symmetry axes o]‘ two magnetically iuequi- 
valent ions in the unit roll. The sign of lA'|,-/u 1 can be determined from 
cpr results or in some oases from magnetic anisotropies. Thus our magnetic 
iiive.stigation unambigously shows that Ki > A^n, the other alternative An > 
Ah leading to an absurd value of cos 20 > 1. This peouliarity of the ionic 
inaguctic ellipsoid is common to many ferrous salts (Guha Thakiirta et al 1966). 

Measukemicnts op Susceptibility 

We have measured the mean susceptibility y with powdered samples of wolf- 
j amite For this purpose the crystals were finely powdered in an agate mortar 
and tightly packed in a quartz container. The container was suspended in 
l»otween the poles of an electromagnet from one end of the beam of a sensitive 
jewcl-pivoted microbalance (Das, 1963) and the susceptibility was measured 
in the manner already described by her. The values are corrected as usual lor 
diamagnetism. 

Measurements at dieeeuent Temperatures 

For low temperature measurement of A^' s and x? specimens were kept 
Muspeuded in the experimental chambuj- of a gas-flow type of cryostat (Bose 1947), 
7 
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the fcem 2 >oratures being recorded by a calibrated cojiper-constantan thermo- 
(;jii 2 )le, For high temperature measurements the specimens wore suspended in 
a tubulai electric furnace with non-inductive windings, the temperature being 
recorded by a calibrated chromol-alumel thermo-couple. 


Table 1. Anisotropy and susceptibility of (Fe, Mn)W 04 


roiTi|>. in 
"IC 

0 

(Xi -X j) 
10« 

(Xi~Xi) 

XlO** 

(Ai -/C||) 
XlOe 

2gi 

X'^li 

9U 


5970 

6930 

12900 

94"! 6' 

41098 

](H) 

20°18' 

5010 

6924 

10940 

94^46' 

36932 

irA) 

2 7 "42' 

2748 

3362 

6100 

95°41' 

24722 

200 

27"7' 

1855 

2296 

4150 

i)U°6' 

18022 

250 

30"24' 

1370 

1710 

3080 

90“22' 

14932 

300 

3r42' 

1076 

1354 

2430 

96"33' 

12480 

350 

33"00' 

827 

1048 

1875 

96"53' 

10693 

lOU 

34"24' 

640 

816 

1455 

90"66' 

9399 

450 

35"42' 

605 

645 

1150 

97' 6' 

8376 

600 

37"00' 

381 

491 

872 

97 12' 

7548 

650 

38"12' 

293 

377 

670 

97“18' 

6886 

(iOO 

3l)“24' 

211 5 

273.5 

485 

97 "24' 

6273 

050 

40°30' 

161 

209 

370 

97“27' 

6793 

700 

41 “36' 

116 

119 

265 

97“29' 

5361' 


Theory oe the Ligand Field of Wolframite 

Wolfriiniitf iH a mixed crystal of FeWO, and MiiVt'O, The Fo*^ or 
ion is surrounded by six oxygens forming a slightly trigonally distorted ootahodron 
Now, FeO or MnO single crystals are antiferromagnetic, the Neel temperature 
being 198“K and 122°K, respectively (Bizettc 1956), But in wolframite witliin 
the range of onr experiment (700“K to 90°K), no antiferromagnetic behaviour was 
observed Tins is apparently due to the fact that the distance between Fe“+-Fe2+ 
or Mn'‘'--Mn“r is much greater here because of the presence of intervening dia- 
magnetic tungsten atoms so that the exchange interaction is comparatively much 
weaker. Moreover, ¥e^+ being in D state and Mn2+ in S state,-any antiferro- 
magnetic exchange between them, if present, will be also very weak. It is to be 
noted that the observed magnetic behaviour of the substance does not favour the 
strong field scheme, since Fe2^(3d«) becomes diamagnetic and Mn»+(3d') becomes 
single spin system under this scheme. The very large observed value about 5.477 
BM fiir effective magnetic moment of the combined system at room temperature 
definitely precludes this possibility We should therefore treat the crystal field 
behaviour of the system under the usual weak field scheme. 

fiinoo Mn“+(3d‘) is an 8 state ion, its anisotropy will he negligible (~0.1% 
of the moan susceptibility, Krishuan & Banerji 1936). So the obserL anisotropy 



121 


Magnetic studies on natural crystals of wolf r^ mite 

may be regarded as due to alone. Again the susceptibility of ^-stato Mn*+ 
will follow very closely the Curie’s law (Van Vleck & Penney 1934), having effec- 
tive magnetic moment 6.916 BM. Hence, subtracting the susceptibility of 
from the observed susceptibility of the crystal (with due consideration of the per- 
centage composition) we get that of Fe^H only The ligand field having no effect 
oil the Mn® ion to a high approximation, the susceptibility and anisotropy ob- 
tained foi‘ Fe®^“ only are then t-reated with the ligand field theory of Fe® ^ ion. 

Theory of the Ligand Field in Fe2+ Ion 

From X-ray data, it is found that the Fe'-*’' ion is under a predominant cubic 
field w'itli a small superimposed trigonal component. Under the predominant 
cubic component of the ligand field, the five-fold orbital degeneracy of the ground 
state 3d® of Fe^ i' ion in the free state is split up into an orbital doublet 
and a triplet the triplet lying lower. 

In calculating the energy levels of Fc®+ complex w'^e employ the technique 
t>f Abragam & Pryco (1951) in treating the >^tate as an effective state 
with a fictitious orbital angular momentum quantum number Z’ = 1 and effective 
Landc factors —an, | to the trigonal axis), and then apply the trigonal 
(‘ompouent of the field (Fd spin orbit L. S) perturbations [—an^nLj^Sfg 
Sj^-hLySy)] together. The effect of admixture of the upper 
state enters through an, a^ . 

The finite structure energy levels arising out of the splitting of the cubic 
orbital triplet under the combined action of the axial component of the 
ligand field and the spin-orbit interaction are given by (Bose & Rai, 1965) 

^0 = ^|i+A)-{(a„?,,-A)2+24a2x }1] 

Ai = ail ^11 .Tj 

J[(A-a„y-{(A-fa„^„)M-8a, C. }*1 
fh = “II fll “a 
Ef = ail £|| 

E-, = i[(a|| fii+A)4-{(“ll f||-AP+24a>, }i] 

E« = “ii ?|| a-o 

= 4[(A-a|| e,|)+{(A+a|| fiij'-l-Sa*, P‘, }i^ 

JSg = -Sail fii 

where aj/s ( j = 1, 3, 6) arc the roots of cubic equation 
(2+'v)a:®+(2^— 6 /o2)^’+C/92 = 0 , 

A 
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and A is tlio trigonal Hold separation between the split components (a doublet 
and a singlet) of tJie triplet ^T»g 

The correspoiidiug eigen states are . 

^0 “1 > 0> -l-aol-f, 1 > 

r/rj -«j|].0> ] > -|-Ci|-1,2> 

=-nil~ 1 . 0 >-| 6 i| 0 , -1 hCijl. -2 > 

tj/., — 1 1 , 1 > -{-«2 1 0, 2 > 

-1 > H no|0, 2-- 

1/^3 ~ I d I d, 1 !> "|“C3 J — \ , 2 > 

v5r_3 = n 3 |-~], 0 > + 63 IO, -] > 4^311. - 2 > 

= 1/V2|1, -1 > -1/a/2|-1, 1 > 

-- | 1 , -l>-~V 2 fto| 0 , 0 > + 60 /^ 21 - 1 , 1 > 

’Afl — 1 1, 0 > +&U 1 0, “1 > d-Cfl I —1, 2 > 

■A-o=- O'el -1> d > 4-?»fl|0, -1 > 4(J1, -2 > 
fi =a.i\l,l> -iaid, 2> 

^//.7 = 0-2 1-1, -1>_62|0, -2> 

Aa - 1 1, 2 > 

A-8 - I -1, -2 > 


where 


«0 


a/ 3 oj^^i , 






2 aii ir-l'h 


W-VK - 1 

anV+r,^ - 1 

J. 3, 0 


and 




«,= ^ il,2 = 1 


‘’"”'83’ we apply the magnelic perturbation 

.+2, //^+2,S;)fy9/7,(-a||P,+2S,)] to get the expres- 
sions tor magnetjc suscoptibilitios, Tf we then expand the energy in powers of 
the field strength H, wc got, 

r^Th ""P«'’*">’*>ed energy, the second and the third terms 

he first-order and second order Zooman energy terms, respeotively. Then, 
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Mie magnetic .susceptibility upto the second order is given bj'^ (Van Vleck 1932), 

exp {-Wi^^^lhT). 


S exp [-Wi^^^jkT) 


(p=- II or i) 


^vhere N is the Avogadro number and k is the Boltzmann constant. 

Final expressions for K\\ and Kx Itave been given by Bose & Rai (1905) 
The expres.sicjus being very lengUiy, we do not present tliem again hei’e. 


(comparison op TllJfl FiXPlCRIMENTAL RESULTS WITH THEORY ANU DlScmSSlt>NS 

Tlic mean su.soeptibility and anisotropy of some of the Fe-+ salts mea.sni ed 
bv diffei’eut author, s arc given below for compaii.son 


Table 1 


Salts 

Temp ‘’K 

Kx 10“ 


Affx 10“ 

iF('(KH4SO.d.,OJhO 

:UM1 

12080 

2020 

(K > h’J 


100 

30380 

22040 


^FniKSOj^.OlI.O 

300 

11790 

3913 

(A'll > Ki ) 


100 

35980 

24170 


*F.>SiFt„f;H-:,0 

.‘too 

12470 

2854 

(/u > A” II) 


100 

38800 

14^70 


1 ^ (JA-, Mm)W 04 

300 

11150 

2430 

(/vi A'll) 


100 

32625 

10940 


' MuRhopadbyay al (to 

bo imbhshod); 

•Mazumdar, 

1966; ^ 

1 Prosoni ttuihov. 


It will be seen that for the first and third crystals the anisotropies are of same 
.sign to the present case and the order of K is also the same indicating .similar 
ligand fields in them The, experimental anisotropy and susceptibility of 
Fe- ' ion (of wolframite) are compared with the theoretically computed values 
in table 2. 

Tn theoretical camputat,jon we have derived by trial and error a .set of values 
lur a||i:|), ki , a|i(^||. ai ^ and A. wdiich gives the best fit with both the anisotropy 
and t.hc suscept ibility data, as.suming that the first four parametcr.s are indeiiendent 
of temperature. This is true for the absolute values to a good degree of approxi- 
mation since t.lio predominant cubic field mainly arises from the nearest strongly 
hound neighbours, but the anisotropy in a’s A;'8 and may be dependent on 
temperature in the same way as A Since the explicit relation between these 
anisotropic factors are not known, to avoid too many temperat\m‘, dependent 
parameters, we throw the entire bm’den of the thermal dependence on A Avliicli 
may then cause this effect to be somewhat exaggerated. Our main purpose, 
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however, js to ahow the rough magnitude of this dependence hence we are justified 
in taking A as the only variable with temperature. 

In our case A is negative. If we take A as positive the doublet | ±1 > 
occupy the lowest position giving </|| > {g^ 0) w'hich implies K\\ > Ki . 

But our magnetic measurement definitely shows that Ki > A'n ; also we failed 
to fit the susceptibility and anisotropy data simultaneously, with any reasonable 
values of the parameters if A is taken as positive. Hence, we have fitted the exp- 
erimental (lata with A negative winch is consistent with the case of trigonally 
distorted I'VSiFa, 611^0 (Bosc^ & Rai, 19(55) With A negative, the singlet 
lies lowest. Moreover, tlio energy levels f 0, 1 , 2, ... 8, follow the sequence 
in order of increasing values as calculated from our results given in table 3, 
agreeing with the sequence leported by Eichei (1963). 


Table 2. Comparison of the theoretical and experimental values of (Aj. — 7v|,) 
and K with : 


Oil = 0.8, Oil = —80 cm”i 

aii/c|j — 0.7, aii^il — —77 cm-i. 


Temporature 

°K 

— A (cm-^) 

--A'li) 

xio® 

AX 10“ 

‘90 

950 

12960 

(12900) 

30623 

(30360) 

100 

000 

10997 

(10940) 

32879 

(32625) 

1 no 

925 

0135 

(6100) 

22084 

(21914) 

200 

S90 

4180 

(4150) 

16054 

(16507) 

2r)0 

S50 

3097 

(3080) 

13402 

(13308) 

300 

800 

2430 

(2430) 

11208 

(11160) 

400 

700 

1466 

(1466) 

8493 

(8427) 

500 

580 

877 

(872) 

0812 

(6789) 

000 

450 

489 

(485) 

5647 

(5629) 

700 

300 

208 

4834 



(205) 

(4800) 


The valuca in the parenthesis are the experimental valiums. 


A « iomid to vary with temperature e.p., A 960 cnj-i at OD'K to A = ^(>0 
< 700 K. We find that unleHs A ia varied with temperature the agreement 
of theoretical wih experimental valuea at all but one temperature ia poor with any 



125 


Magnetic studies on natural crystals of wolframite 

roasoiiablo single set of parameters. The variation of A with temperature is pos- 
sibly connected with the change in the strength of the crystal field with tempera- 
ture, Avhioh is also corroborated by the variation of 0 and </> with temperature, 
indicating rotation of the magnetic ellipsoid in the crystal. 

Table 3. Energy of the ligand field levels in cm“^ 


Temp. 

itj 

"If 


Jilo 






E, 


'JO 

-1)50 

-1)92.0 -984.9 

-962 3 

-140.3 

-77 0 

-35 0 

21.3 

89 3 

154 0 

,‘i00 

-800 

-849.7 -841 4 

-814,4 

-137.9 

-77.0 

-27.3 

25.3 

91.4 

154.0 

700 

-300 

-414.0 -400.0 

-331.3 

-117.1 

-77.0 

37.0 

63 . 1 

108 6 

154.0 


The variation of A (fi’om 90'’K to 700°!^!) is about 68%. This large variation 
()l A as already mentioned is perhaps somewhat exaggerated and can bo percepti- 
bly reduced by varying a’s, k'a and t’s with temperature, but then there vill be 
too many iiarameters for unique solution of their values from the limited experi- 
numtal data. 

Table 1 shows that 0 changes by about 15° while (j> changes by about 3° 
only uithin the range of temiieraturo from 90°K to 700°K. This shows that the 
ions lotatc apin’eciably about an axis approximately parallel to the 2»-axis of 
Ihe crystal as the temperature changes. A rotation of the ion about an axis 
iraivillcl to ft-axis will not be reflected in the values of 0, but it will manifest 
itself appicciably in the value of 0. This rotation affects the packing of the 
lattictj with consequent changes in the anisotropic part of the ligand field with 
tcmpt^i-aturc. 

The values of the pai’ameters (A, a|(A:||, ai hi , aiif,/, oti ) in table 4 are ot 
the (‘xpocted oi’der of magnitude as observed in other bivalent iron salts. 


Tabic 4. Comparison of the field parameters of different salts. 


Salts 

A oni'^ at 

300"K 100"K 

an*^ll 

(Xi ki 

ailCll 

cm“^ 

ai iTi 
om“^ 

Fo(NH4S04)a,6HaO 

-400 

0.9 

0.9 

-80 

-80 

l'’t^(KS(),)2,6HaO 

660 260 

0.8 

0.7 

-88 

-80 


-685 —815 

0.8 

0.8 

-87 

-90 

(Fo, Mn)WO, 

-800 -950 

0.7 

0.8 

-77 

-80 


lly comparison of the above values it is apparent that the axial field (tetragonal) 
fqrlitting in the second Tutton salt is of opposite sign to our case, also the variations 
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with tfnnpoiatnrc aic dilTci-(iiil in tlio same range Tlie other parameters are not 
very dilTercnt showing that the co valency effect is more or less the same. The 
sev(‘ra] jiarainotiii's in tlic fluosilicato (trigonal distortion) compare very well with 
the pri^sciit case in inagnitiidc (also in sign for A) as is to be expected. Thus in 
spite of the very different structure of the tivo crystals, the ligand fields and the 
magnetic heliaviours are in good general agreement. The value.s of aji & aj. 
in tile case of trigona]i 5 i^ distorted Fe^‘ ion is expected to deviate from unity somc- 
wliat niore tlian in tlio tetragonal case Uov'ever, we cannot exactly evaluate 
Qc\\ & ofi 111 our case. Under the circumstances, taking them approximately 
0 (pial to niiitv, the spiii-orbit couiiling coefficient comes out as reduced on the 
aviM'age by aiiout 28% from its free ion value — 103 cni'^ duo to overlap of the 
coid ral 3f/ cl large cloud with the surrounding *■ and p-chargo clouds of the ligand 
oxygen atoms Tlic ovcrlaji is likely to bo anisotropic; hence the reductions m 
the s])iii-orhit coupling and the effective orbital factor aic taken to be anisotropic 
ill comparing the exxieri mental data. 

fj-vahif's The lowe.st level is singlet, followed by the doublet 
10 higher up. The expressions for gr-values arc as follows : 

No experimental reasonance data for and j/j. on volframito are aiailable But 
fioin our magnetic suscoiitibility data at 800'’ K wc can calculate j/n and (j^ as 
r/ii — 2 OoOS and — 3 7t527. From these values the calculated mean (/-value 
comes out as 3 285 which may be compared Avith the mefau g value of Low’s result, 
g ^ 3 42 (Low <& Weger 1900) for Fc^h ion embedded in MgO, in w hich the field 
has purely cubic symmetry, and Avith 2.99 calculated from the observed (/-A-ahies 
((/II = 8.97, r/j. 0) for FeFg embedded in ZnVy (Tiiikham, 1950), Avherc Fc^h 
ions have ax>i)roxiniatcly tetragonal symmetry. The difference is quite ax>X)reci- 
ahle and is to be exxiccted in vucaa' of the different ligand fields in these crystals, 
(/-values of heSikg calculated from magnetic suscexitibility {g\\ = 2.01, (/^ = 
3.70, :7 = :i30, Bose and Rai, 1955, Mazumdar, 1966), whore the symmetry of 
k\i“ ^ ions is trigonal, compare much better with the present crystal. 
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The 77—77* emission spectra of three isomeric fluorophenols 
in the near ultraviolet region 

By (Miss) J V Siiukla, K N. Upadhya S. K. Ttwari 
Department of tSpcctimcopj/, Banams Hindu University, Varanasi-i) 
{Rpccivexl 5 BeAiember 1969 — Revised 20 March and 8 August 1970) 

(PJates 3—6) 

Tbo oimHSjoa h|uu-tiai f)f Uirwo laumeric fluoropheiiola have buen recortloil by iiieana dC 
an nncundoiisnrl irauarormor Hisrhargo on a Zeisa Medium Quart//. Spectrograph. The 
sjificsU'fi of ortho, inot-a and jiaia-IlnorophonolR lio in Iho legioim of 3G0.')0-I14250 cm~i, 
.‘n410--;3l)U90 cin-i and 35770-30870 rm ^ J‘03peotlvpl3^ AsHiuning byinmotry fui- 
oi'tho and iiiota, and C^o sjnninoti^'^ lor para laomor, viln-ational analyROH have boon 
proposed for the obHorvorl bauds in each case. 

Introduction 

The emission spectra of polyatomic molecules have been less thoroughly studied 
liecause of the rapid dissociation of the molecules before radiative omission How- 
ever, m benzene and some substituted benzenes it has been possible to obtain 
these siiectra by moans of controlled uncondensed transformer discharge. In 
continuation of our earlier Avork on substituted benzenes, the present paper *dcals 
witli the emission siiectra of three isomei ie duoroplienols. Vibrational frecpiencies 
of para-fluorophcnol have been theoretically interpolated by JCohlrausch (1947), 
Infrared and Raman studies of the fluorophenols in liipiid phase have been made 
by Wittek (1935), Kohli'ausch (1942) and .lakobson & Brewer (1962), whereas, 
the ultraviolet absoiption studies have been made by Hodgen (1943), Deardon 
& Forber (1959) and Tiwari (1963, 1966) 8ome bands of the emission speetja 
of p-fluoro])henol have been studied by Tripathi et al (1963, 1968) High resolu- 
tion studies on some of the absorption bands ol ^-fluoropheiiol liave been carried 
out recently by Thakur & Tiwari (1968). It seems no emission study has been 
l eportcd till now on all the isomers. 

Experimental 

The chemicals were obtained from the Eastman Kodak Organic Clvemical 
Company and piinliod before use Tlie spectra w^ere excited by means of an 
uncondensed trauslormer dischai’ge through the flowing vapour of the subs- 
tance. The experimental details were similar to those reported earlier from tlus 
laboratory (Jiwari & Cpadhya 1968). The discharge gloAv was quite feeble, hence 
the bands were rccordeil on Kodak 1-0 plates by a Zeiss Medium Quartz Spectro- 
graph using a slit width of 0.03 mm and giving an exposure of nearly 30 hrs iJi 
each case Ihc fluorescence sjiectru in of para fluorophonol has boon obtained 
Irce Irom impuiity spectrum This spectrum was excited by the 2846.4 A atomic 
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Jine of ifon produced in spark. The details of the apparatus are as described 
by Bass & Sponer (I960). The fluorescence bands were recorded on the 
Medium Quartz Spectrograph using 40/* slit width on Kodak I-O plate and giving 
80 hrs exposure. 

Results 

The emission spectie. of ortlio, meta and para-fluorophenols lie in regit)ns 
3G950-IM2.60 cm~^, S741 0-33090 cm~^ and 35770-30870 cm“^ are shown in figures 
1 . 2 and 3, respeetivoly In all the three cases a weak continuum is suporiinposed 
over the entire spectrum. The fluorescence spectrum of p-fluorophonol lies in 
the 1 ‘egion 35120-31260 cin“^ fn each case bands are quite sharp and degraded 
to the red side 

Para-fluorophonol belongs to point group and ortho and meta isomers 
belong 1.0 Cg point group. Under this assumption, the thirty three normal modes 
of vibration can be divided into 12«j-^-106i-r3o3-l-862 in point group and 
23a'-kl0rt" in Cg point group The electronic transitions involved in these three 
isoiiiora correspond to forbidden transition in benzene whieli becomes 

M'— in Cg and in symmetry The tran-sition is an allowed 

TT—TT* typo with their transition moment.s lying in the molecular plane and ex- 
pected to giv(* strong (0, 0) band in all the three cases ft is observed that the 
((I, 0) band in the emission spectrum of the ortho derivative is weak, while in the 
other cases these are strong. 

The (0, 0) baud in tlie spectra of ortho, meta and para isomers aie assigned 
at 36803 cm“k 36625 enr^ and 35123 cm-^ respectively The magnitude in 
each case is in agreement Avith their respective absorption spectra (Ht.dgen 1943, 
Thvari 1966) In all the three spectra the ring vibration is dominating in 
comparision with the other mode, the magnitudes being 857, 1008 and 855 cni"^ 
in 0 -, m- and p-isomers, I’espcctively The intensity of the corresponding 
band in ortho is A\ eakor than in mota-and para -isomers. The other C — C 
stretching vibrations corresponding to 1596 vibration of benzene appears u ith 
strong intensity in all the three spectia. The magnitudes are 1603, 1616 and 
1522, respectively, and all have totally symmetric ehcracter 

Of the substituent sensitive mode, C— F stretching is observed at 1268, 1275 
and 1241 cm~^ in o-, -m-aiid p-isomor, respectively These frequencies combine 
with totally symmetric viViration m each case as expected. The C— F planar 
bending is observed in meta compound only, Avheroas tlic 0— H planar bending 
is observed in all the three compounds The lattx^r mode is prominent in the meta 
isomer only. 

The C— C— C trigonal bending mode corresponding to the feju (1010) vibra- 
tion of benzene appears verj'' strongly in the infra-rod, Raman and ultra- 
violet absorption spectra of orthofluoroplienol. The -strong- band at 36040 cm" ^ 
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associated with a frequency 763 cm-^ can very well be attributed to this mode of 
vibration. The same mode of vibration in ^-fluoroplienol has been observed in a 
band at 34377 cm"^ associated with a frequency 746 However, in the omis- 

Sion spectrum of 771-fluoroplienol no such frequency could be observed. The 
detailed analyses of the spectra of ortho, mcta and para are given in tables 1, 2 
and 3, respectively. 

Table 1 


Kolat.ivc 

InfconsiLy 

Wavenumbors in om 

Differonco 
- from (0,0) 
m cm ^ 

Assignments 

Absorption 

Emission 

4 

369.'il 

36955 

H 162 

OH-152 

rt 

3G868 

30873 

H- 70 

OH-152-89 

5 

30800 

30803 

0 

0-0 

2 

30774 

36772 

- 31 

0-31 

4 

30712 

36714 

- 89 

0-80 

1 

30658 

30660 

- 134 

0— 284 H- 152 

4 

30012 

36018 

- 185 

0 — 2x 89 

5 

30519 

36519 

~ 284 

0-284 

4 


36427 

- 376 

0-284-80 

4 

30400 

36390 

- 413 

0-562 1-162 

3 

36329 

36320 

_ 474 

0-284-2x89 

I) 

36240 

36241 

- 562 

0-502 

2 


30209 

-- 594 

0-562-31 

1 


36181 

- 022 

0- 102-2x31 

3 

36147 

36144 

- 659 

0-502-89 

1 


36097 

- 706 

0-143-562 

10 

30036 

36040 

- 763 

0-763 

6 

3 0003 

36003 

- 800 

0-703-31 

3 

35954 

35953 

- 850 

0-850, 0-703-8!) 

1 

35900 

35898 

- 905 

0-763-143 

8 


36777 

-1020 

0-1026 

7 


35687 

-1116 

0-2x502, 0-1026-89 

2 


36646 

-1157 

0-2x562-31 

6 


35613 

-1190 

0-1190, 0-1026-2x89 

7 


35535 

-1268 

0-1268 

0 


36476 

-1327 

0-662-703 

3 


35447 

-1356 

0-1268-89 

n 


35395 

-1408 

0-- 502-783-89 

i) 


35370 

-1433 

0-1026-602-1-162 

5 


35342 

-1461 

0-1461, 0-1026-562 
fl62-31 

.3 


35272 

-1631 

0-2x703 

2 


35200 

-1003 

0-1603 

2 


35161 

-1652 

0-2x763-143 

2 


35135 

-1668 

O-2x703-2ffH-162 

2 


36043 

-1760 

0-2x703-143-89 

2 


35002 

-1801 

0-2x703-284 

3 


34977 

-1826 

0-1208-502 

] 


34914 

-1889 

0-1003-284 

2 


34857 

-1940 

0-1603-284-2x31 

4 


34771 

-2032 

0-763-1268 

4 


34690 

-2113 

0-763-1208-89 

2 


34630 

-2173 

0-703-1268-143 

1 

1 

1 

] 

1 

1 


34684 

-2219 

0-763-1208-2x89 


34544 

-2259 

0-703-1268-143-89 


34497 

34350 

-2306 

-2453 

0-763-1268-285 

0-1603-860 


34320 

34306 

34271 

-2483 

-2498 

-2632 

0-1603-850-31 

0-2x1026-2x89-284 

0-2x1268 
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Table 2 


Relative 

Intensity 

WttvonumXiera in cm~^ 

Difference 
from (0,0) 
in cin“' 

AssiRnments 

Absorption 

R mission 

X 

37340 

37349 

+ 724 

0+724 

1 

37280 

37281 

-1- 656 

0 1-724-01 

1 

37310 

37222 

+ 697 

0 + 724-2x61 

Jt 

37149 

37149 

-h 524 

0 + 524 

4 

37048 

37030 

4 414 

0 + 2x210 

4 

36991 

36994 

-h 369 

0 + 2x210-49 

1 

36074 

36976 

+ 360 

0 + 2x 210 — 61 

4 

36942 

36940 

+ 316 

0 + 2x210 — 2x49 

1 

36870 

30889 

+ 264 

0 + 2x210 — 3x49 

1 

36844 

36846 

+ 220 

0 + 2x210-4x49 

10 

30835 

36835 

+ 210 

0 h210 

8 

30768 

36778 

+ 163 

0 + 210 — Gl 

G 

30731 

36734 

+ 109 

0 -1 210-2 x. 49 

1 

36694 

36690 

H- 65 

0 + 210 — 3x49 

7 

36622 

30625 

0 

0-0 

6 

36570 

36576 

~ 49 

0—49 

G 

30565 

36564 

— 61 

0—61 

G 

36525 

36527 

- 98 

0—2x49 

4 

36772 

30502 

- 123 

0-2x61 

r> 

364 1 1 

36475 

150 

0 — 3x40 

2 

30428 

36430 

— 196 

0 — 4x49 

5 

36411 

36410 

— 216 

0-215 

T) 


36321 

- 304 

0-216-2x49 

M 


36255 

- 370 

0-216-2x49-01 

Ti 


36195 

- 430 

0 -2x 215 

r> 


30175 

— 450 

0-450 

10 

36095 

36094 

— 631 

0-631 

5 

36050 

36055 

— 570 

0-531 -49 

4 

36990 

35991 

— 634 

0-631-2x49 

;( 

35944 

35942 

— 683 

0-531 -3 /C 49 

8 

35880 

35S8S 

- 737 

0-737 

ft 

35831 

35831 

™ 794 

0-737-61 

6 


36771 

- 864 

0-737-2x61 

4 


35705 

- 920 

0-737— 3x 01 

:i 


35076 

— 949 

0-737-215 

7 


35617 

-1008 

0 — 1008 

G 


35507 

-1058 

0 — 1008—49. 0 — 2x631 

:i 


36498 

— 1127 

0-2x531-01 

1 


35441 

— 1184 

0-2x631—2x61 

:i 


35398 

— 1227 

0-1227, 0-1008-215 

4 


35350 

-1275 

0 — 1275 

1 


35297 

-1328 

0-1275-49 

1 


35240 

— 1379 

0-1275-2x49 

1 


36213 

-1412 

0- 1276-3x49 

2 


35184 

-1441 

0-1008 — 2x215 

(i 


35143 

-1482 

0-2x737 

7 

35090 

35090 

— 1635 

0 — 1008 — 531 

:i 


35009 

— 1616 

0 -1616 

6 


34885 

-1740 

0-1008-737 

4 


34828 

-1797 

0-1008-737-40 

3 


34785 

-1840 

0-1008-737-2x49 

3 


34578 

-2047 

0 — 2 X 1008 — 49 

5 


34551 

— 2074 

0-1008-2x531 

X 


34522 

-2103 

0— 2 X 1008— 2x49 

2 


34481 

-2144 

0-631-1616 

2 


34423 

—2202 

0-531-1616-61 

2 


34358 

-2267 

0-531-1616-2x61 

2 


34295 

-2330 

0-3x631—737 

2 


34080 

-2646 

0-2x1276 
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Tabic 2 (continued) 


Wavommiboi'H in cm ^ 

DifforoncR 
from (0,0) 
in cm"^ 

Assign montK 

InteiiRity Abaorptioii 

Emisaion 

2 

3403J 

-2694 

0-1008-3x631, 




0-2 X 1275-49 

2 

3.H0G7 

-2068 

0-1008-3x531-01 

2 

33983 

2042 

0-737-2 X 1008 

2 

.33822 

-2803 

0 ’ 737-2 X 1008 ■ 01 

2 

33776 

-2850 

0- 3061 + 210 

o 

33715 

-2910 

0-3061 + 210 -Cl 

2 

335G4 

-3061 

0~30C1 

1 

33616 

-3109 

0-300i~Gl 

1 

33369 

-3206 

0-2 < 1127-1008 

1 

33315 

- 3310 

0-2x 1127 1008 -49 

1 

33206 

-3330 

0 2 C 1127-1008-01 

1 

331 IG 

-3600 

0-30G1-460 

1 

33052 

-3573 

0-3061-150-01 


Table 3 


Frequoncipa in cni“^ Difioronco 

Rolativo from (0.0) Aasif^umonl a 

liiUMisity Absiirptioii FliiDroBcenei* Emiasioii in cm * 


1 

36801 


35803 

1 

3677H 


35370 

1 

3671G 


35711 

1 

36683 


35C83 

1 

35610 


35629 

1 

35,578 


35573 

3 

35540 


35641 

3 

35474 


35478 

3 

35468 


36463 


36324 


35327 

2 

35287 


35292 

2 

36256 


35256 

G 

36236 


36236 

S 

36122 

35120 

35123 

3 

36093 

3.5083 

36091 

2 

35060 


35058 

8 

35040 

35060 

36053 

fj 

35016 

35004 

35018 

1 

36995 


34998 

2 

34990 

34985 

34987 

2 

3469.3 

34964 

34962 

I 

34920 


34917 



860 

0 + 2x.‘140 

+ 

654 

0 1 2 340-32 

+ 

596 

0-12 340-3 .32 

H- 

660 

0+2x340—1x32 

! 

50G 

0 + 3x340-479-32 

+ 

460 

0 1 2x340-448 

+ 

418 

0+418 

4- 

355 

0 + 418- 70 

+ 

340 

0 1 340 

f 

204 

0 + 2x 340-448-32, 

0 I 340-2 X 70 

1 

1 GO 

0+2 X 340-448-2 a 32 

+ 

133 

0 1 2x 340 -448-3x32 

_i_ 

102 

0+112 


0 

0-0 

~ 

32 

0 -32(448-418) 

- 

06 

0-2x32 

- 

70 

0-70 

- 

106 

0-70-32, 0-3x32 

- 

126 

0-4x32 

— 

136 

0-2x70 

- 

171 

0-2x70-32 


206 

0-3x70 
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Table 3 (continued) 


Kolative 

Intonaxl,y 


Froquonoies m 

Difforonco 
from (0,0) 
m cm~^ 

Assignmonta 

Absorption ibluoresconce 

Fmissioii 

1 

348H5 

34890 

34888 

- 236 

0-2x70-3x32 

1 

34850 


34861 

- 272 

0-4x70 

1 

34788 

34783 

34783 

- 340 

0-6x70 

7 

34071 


34675 

- 448 

0-448 

7 

34041 

34050 

34644 

- 479 

0-479, 0-448-32 

3 

34019 


34014 

- 509 

0-479-32 

3 

34592 


34609 

- 614 

0-855 + 340 

o 

31574 


34672 

~ 651 

0-856+340-32 

1 

34539 

34541 

34530 

~ 587 

0-479-3x32 

1 

34488 


34490 

- 033 

0-746+112 

1 

34428 


34426 

- 097 

0-746+112- 70 

10 

34370 

34375 

34377 

- 746 

0-746 

1 


34333 

34329 

- 794 

0-846-32 

10 

3 1202 

34207 

34268 

- 865 

0-856 

0 

34231 

34230 

34238 

- 885 

0-865-32 

s 

34210 

34204 

34211 

- 912 

0-865-2x32 

(i 

34197 

34179 

34184 

- 939 

0-855-3x32 

1 

34109 


34153 

- 970 

0-855-4x32 

1 



34111 

-1012 

0-855-5x32 

i 

34022 


34021 

-1102 

0-1102 

1 

33971 


33079 

-1144 

0-1102-32 

1 



33964 

-1169 

0-1102-70 

1 



33919 

-1204 

0-1204, 0-1102-7O-30 

0 

33800 


33882 

-1241 

0-1241 

6 




-1260 

0-1260 

4 



33849 

-1274 

0-1241-32 

5 


33840 

33830 

-1284 

0-1284 

5 


33792 

33801 

-1322 

0-1284-32 

3 

33765 


33764 

-1359 

0-1284-70 

2 



33740 

-1383 

0-1284—70-32 

1 



33668 

-1466 

0-1284-2x70-32 

1 



33601 

-1622 

0-1622 

0.5 



33605 

-1668 

0-1522-32 

1 



33623 

-1600 

0-746-855 

4 



33418 

-1706 

0-2x865 

3 



33385 

-1738 

0-2x86-32 

1 



33343 

-1780 

0-2x866-2x32 

1 



33316 

-1807 

0-2x865-32-70 

1 


33282 

33280 

-1843 

0-2x856-2x32-70 

1 



33247 

-1876 

0-2x866-3x32-70 

1 



33162 

-1961 

0-865-1102 

1 


33074 

33084 

-2039 

0-1284-746 

1 


33061 

33061 

-2072 

0-1284-746-32 
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Table 3 (continued) 


liolative 

Intensity 

Frequenoios m cm" 

Absorption Fluorescence 

-1 

Emission 

Differenoo 
- from (0,0) 
m om"^ 

Assignments 

2 

33021 

33020 

-2103 

0-866-1241 

2 

32982 

32992 

-2131 

0-866-1241-32 

2 


32962 

-2171 

0-866-1241-70 

1 

32802 

32860 

-2263 

0-746-1622 

1 


32773 

-2360 

0-2x746-855 

3 

32658 

32668 

-2465 

0-740-2x866 

2 .3 


32699 

-2624 

0-746-2x865-70 

3 


32548 

-2576 

0-3x865 

1 


32523 

1 

05 

o 

o 

0-3x855-32 

1 


32483 

-2640 

0-3x865-70 

1 


32420 

-2703 

0-746-865-11023 

3 


32366 

-2768 

0-1241-1622 

1 


32293 

-2830 

0-1241-1622-70 

1 


32216 

-2907 

0-1241-1.522-2x70 

1 

32142 

32139 

-2984 

0-1241-1522-3x70 

2 

32067 

32074 

-3049 

0-3049 

2 


32043 

-3080 

0-3049-32 

2 


32007 

-3116 

0-3049-2x32 . 

2 


31970 

-3163 

0-3049-3x32 

2 

31698 

31701 

-3422 

0-4x866 

1 

31674 

31671 

-3462 

0— 4x 855 — 32 

1 


31645 

-3478 

0-4x865-2x32 

i 

32646 

31562 

-3661 

0-3049-479-32 

1 

31496 

31404 

-3629 

0-3629 


31300 

31318 

-3805 

0-746-3049 

1 


31287 

-3836 

0-746-3049-32 

1 

31256 

31200 

-3863 

0-746-3049-2x32 

1 


31230 

-3693 

0-746-3049-3x32 


A correlation of tho observed fundamental frequenoios of the three isomers 
in tho ground state along with the corresponding values in tho respective 
infrared, Raman and ultra-violet absorption are given in table 4. 

In disubstituted benzenes, Sklar (1942) has shown that the transition moment 
is maximum with the para isomer. A study of emission bands shows that p- 
fluorophenol gives rich emission in comparison with ortho- and meta-isomers. It 
is also observed that in tho p-isomer the bands are in groups which are separated^ 
whereas, in the meta-isomor this character is less prominent and in the ortho- it 
is least so. The superposing continuum is strong in ortho- and weak in meta- and 
para-isomers. No plausible explanation can be given about the origin of this 
oontinuum. 
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Figure 1. The Emission Speciruni of o-FJiiorophenol. 
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Letters to the Editor 

Microwave relaxation and association of n-octanol 

By E. F. Hanna and K. N Addel-Nottk 
Microwave Laboratory ^ National Research Centre^ Dokki, Cairo, U.A.R. 
[Received 16 June 1970) 

The dieloclric constant c' and dielectric loss c” of n-octanol in heptane solutions 
liave been measured for six concentrations between 0.0082 and 0.1738 mole- 
fraction at Avavelengths 0.22, 1.25, 3.24, 10 and 25 cm and at 6, 20, 40 and 60“C. 

Also, the static dielectric constant Cq has been measured and is plotted in 
ligure 1. The relation is not linear indicating that associates are formed and be- 
have in the concentrated solutions in a different manner than that in the dilute 
solutions. 



FigiivL’ ], rj-Oofcyl alcohol in heptane at 9 — ^ — 20"C, □ 40 C, A hO C. 

Preliminary analysis of the absorption curves obtained gave three Debye 
terms for both dilute and concentrated solutions having relaxation times Tj, 
Tn and Tg and weights Oi, 0^ and G^. 

From the dilute solutions, the short relaxation time Tg is found to be inde- 
pendent of temperature and concentration and lies aroimd 0.6 psec and so it 
belongs to the rotation of the OH-group while the relaxation times and 
(around 38 and 6 psec respectively, at 20^0 for the concentration 0.0082 mole- 
fraction) belong to the molecule as a whole, which has a small weight (tj, results 
from the rotation of the long chain molecule with a dipole at the end, i.e. rotation 
around a short axis. 
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For the fojiceiitrated solutions, t- (3.50 psoc at 20^C for 0.1738 mole-frac- 
tion) is of the same order as tliat obtained for OH-group in pure ?i-octaiiol by 
Garg & Smyth (1965) and is temperature dependent. Tj (652 psec at 20°C 
for 0 1738 mole-fraction) is large and may be due to the rupture of hydrogen 
bonds inside tlie a.ssociated chain Tg (34 psoc for the same concentration and 
temperature) has about tlu^ same value as Tj in the dilute solutions should be con- 
nected voth the rotation of the single molecules or to the ones at the end of the 
associated chains. increases with the increase in temperature which demons- 
tiates the decoinjiosition or loosening of the as.sociation with increase in tempera- 
ture 

From figure 1 and the re.sults of analysis, it is clear that associates are formed 
because the OH-group lies at the end of the chain and hence is subjected to inter- 
inolocular interaction, unlike the ease of 3,5-dimethyl 3-hexanol (Hanna & 
Abdel-Nour 1970) Avdicre the as.sociates are hardly detectable as the OH-group 
lies within the molecule and is shielded against the intermolecular interaction 

Detailed results will be given after measuring t' and f." at meter waves to 
subtract the contribution of the lower dispersion region from the micro'u ave mca- 
Huroments for acunirate evaluation of the results 

The authors thank Prof M. Mokhlar for his encouragement and to Prof 0? P 
Smyth for allowing one of us (Ahdcl-Nour) to take the measurements in his la bo- 
ro tor v, 


Keferencbs 

Garg, 8. K. & Smyth, C. I* 1965 J Phys. Chem. 69, 1294 
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X-ray crystallographic data for some organic compounds 

By M. P Gupta and S, M. Prabad 
Department of Physics. University of Ranchi, Ranchi-^ 

{Received 22 June 1970) 

As a part of programme for determining structures of simple organic mole- 
cules and their derivatives, wo have investigated a number of molecules and the 
Iirosent note reports some preliminary results 

1. Potassium mesaconate KCg"H 504 . 

This is acid potassium salt of the dicarhoxylic mesaconic acid CjjHuO^ 
with stereochemical formula; 



X-ray crystallographic data for some organic, etc. 
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The crystal is transparent and platy in Habit, belonging to the triclinic system with 
a -■ () 23 A, h -- 7.33A, c ^ 3.97A, a =: 87° 36', ft ^ 107° 30', 7 -- 98° 20', 
y 170. 95 A® Pcaic ~ J 63gm/ml, = 1.62gm/ml. Number of molecules in 
lilio unit coll Z ~ Linear absorption coefficient for copper j-adiatiou 
r- (53.99 cm“^. As there i.s onlj^ one molecule in the unit cell and the molecule 
it.sclf is noncontrosymmotric. the space group is uniquely fixed as 7^1, Complete 
zonal and three dimensional X-ray data have been collected using Weissenborg 
jiliotographv and the stiuoturc solved in projections. Refinoment of the 
slnicture by three-dirnonsional least squares is in progress 


2 Prohmecid CisH^qOiNS 

This is a monocarboxylic acid with the stereochemical formula; 




and crystallizes out of a solution in chloroform. The crystal is platy and coloiirh'iss 
and belongs to the triclinio system with a ~ 7.53A, b — 19 51 A, c — 5 31 A, a-- 
102' 8', ft 90° O', y = 93° 5', V ^ 750.4 and p,aic == l gm/nd. Pohs ^ 125 
gin/ml, The number of molecules in the unit cell Z — 2. Linear absorption 
coclficient for Cu/jT, radiation // 1 9 56 cm“^. Statistical intensity tests, 
nioqihology and number of furmula units in the cell all indicate the space group 
to be centrosymmctric PI. We have collected complete zonal and three-dimen- 
sional X-ra,y diffi'action (lata using Weissenberg photography, and a three-di- 
mensional Patterson synthesis is now in progress to locate tlic sulphur atom. 

3. 0-Ac(ifo hmr'.oic acid Cf,HnOa 

It is eiystallizod out of a solution in alcohol in the form of elongated plate. 
The stereochemical formula of tlie compound is 



The crystal is orthorhombic with a — 9.53A, h — 5.22A. c = 15.82A, V — 787 oA'* 
tkaic^ 138gra/ml, === 1.36gm/m] The number of molecules in the unit 
celJ 2; =r 4. Linear absorption coefficient for copper A* radiation p ~ 8.88 cm~H 
The only space group absences are AGO, h = 9A:0, k — 2n+l. OOL I — 2n-|' L 



]40 M. P.. Gupta and S. M. Prasad 

Tliifi fixTH the Hpaee ^?roup uniquely as P2|2i2j. The cj'ystal structure investi- 
gation is in progress 

4 Dimclhnxy di-bf^nzo 

The compouiul with the stei'ftochemical formula 



is of interest because of the central i;cven-mcmberod ring. The crystal is needle 
si taped and orthorhombic witli fl = 10.5(j4, h — 2I.48A and e 7 5gA, p^aic 
-- 1.322 gin/ml, Po^s — 1.285 gm/ml. The number of molecules in the unit coll 
^ = 8 The linear absorjttion co-cfficicnt for copper J’adiation p — 7.38 cm^h 
The s])acc group absences arc Okl with k — 2n-|-l, hOl with I = 2nH 1 and hlQ 
wilh — 27?.-f 1. This fixes the sjtace group uniquely as Phea. We have 
collected complete tUrco-diniensional X-ray diffraction data with Weissenberg 
photograjthy and obtained an approximate solution for tlic structure. Since 
we suspect disorder in the structure it is still under our investigation 

5. l-metliyl ^-methyl 5,^, U, l2-tri-hydro 5^ \\-(limtthjlfhmlw 7 nazhm CjgHjjjjNn. 

The compound wdtli the stereochemical formula 


is of interest because of the central eight-mem bored ling The cr}'sta] 
is pJaty in habit and belongs to the monoclinu* system, with a — lO.lsA, h “ 
7.3(iA, ('- 20 6(iA, ^105° 40'. K ^ 1483 li* = 1.18 gm/ml. Number 

of molecules in the unit cell Z — 4 The linear absorption coefficient for coppcM* 
radiation // — 8 43 cm Space group absences arc hOl ■when / ^ 2ii"hl, 
{)k{) when Ic --- 2714*1 . This fixes the space gi'oup uniquely as P2j/c. Wc have 
collected complete three-dimensional X-ray diffraction data for the compound 
using Weissenberg photography and got an approximalo solution of its structure 
in the Old projection, further worlc to refine the structure is in progress, 
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Application of Rao’s rule to liquified inert gases 

By A. Qabeeu, M. N, Shaiima and A. S. Varma 
Physics Department j Lucknow University, Luchiow-1, India 
{Eecewed 21 July 1970) 

A CL'nsiderablo amount of work has been dcnie on the propagation of 
ultrasonic waves in organic liquids and liquid mixtures by Partliasarthy (1935). 
Mikhaylov (1949), Kudryavtsev (1951) and Bergmanu (1950) However, no 
attempt has been made to investigate the propagatif)n of ultrasonic waves at the 
licpiefactdon temperature of the inert and polar gases On the basis of experi- 
mental data Rao (1940) has suggested an empirical l elation connecting the 
temperature coefficient of velocity of sound and the temperature ococfficieiit 
of volume and may be 'written as 


Avliere A is a constant known as llao’s empirical constant and has been found 
to be practically equal to -1-3 for most of the organic liquids. 

In the present investigation, the authors have verified the Rao’s rule in 
the caso of liquid helium and argon at their liquefaetjon temperature on 
the basis of the interaction-potential approach. Various potential energy func- 
tions liavo been suggested for the interaction between the atoms or molecules 
The simplest of them is the inverse form of the overlap interaction. In terms 
of volume the inverse potential form may bo wi’itten as 

(jf{v) — — ( 2 ) 

where a, and v are constants of the potential energy functions and v is the 
molar volume. 

The equation of state of a gas for the condensed sj^stem may be expressed 
as 


V dv 


... (3) 


Using equation (3) the following relation for A the Bao’s constant has been obtained 


A 




1-K 


v±2 


... (4) 
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wllOl'C 

1 I ^ ~ 

Tilt) computed values ol‘ A employing equation (4) for liquid helium and liquid 
argon arc pronented in liable 1 Those values of A have been utilized to derive 
the following equations for the velocity of sound at the temperature of liquefaction 


1. C U 1 

, — ll for helium 

d 

... (5) 

3 

o 

II 

1 

... (6) 


where M is the molecular weight, 0 the velocity of uUrasonie waves in the subs- 
tance d the density of the substance and R is an additive constant which depends 
upon chemical constitution of the substance but is independent of temperature. 
For other liquified gases the work is in progress and will bo published shortlj^ 

V 

Taule 1. Values of A for liquid helium and liquid argon. 

Using 

iSuIjstaiicu Tcmijoratui'c equations 

in (4) ariJ (5) 

Liquid holiuin 4.2 2.0724 

Liquiel argon 87 3.0012 
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BOOK REVIEWS 


Arc Physics 

Max. F. Hoyaux., 

pp 305-f xiii Springer- Vorlag, Berlin-Heidelborg, New York (1968). 

Recently quite a few good toxtbookfl on plasma physics have been published. Here is one 
exclusively on ‘Arc Physios* written by a physicist with very strong ongirioering back ground. 
Author says “This is an introduction on the olomentary level’ Actually the physics of the 
electric arc is an extremely complicated mixture of different kind of phenomena, skillful use 
of E. M. theory, Statistical mechanics, Magnetohydrodynamics etc. are required to explain 
the observed facta. This is a w'ell written book by an expert and surely will be found useful 
to many in the field as well as to students. Introducl.ory remarks m different chapters are 
excellent. In addition to general remarks they contain criticism and warns the reader about 
the scope and limitations of the theories discussed in the particular chapter. 

The book is divided into three parts. The first part contains a very well written discus- 
sion on the theory of positive column and general theory of Arc Plasma. (According to the 
present reviewer this is the best part of the book). The second part deals with wall and elec- 
trode phenomena. The third part dosoribes plasma diagnostics. It is felt that some of the 
methods (like temperature determination) given are too brief, this may be due to author’s 
intention to keep the size of the book reasonable. Unlike other texts of this type no extensive 
bibliography is presented here as the author does not ‘sport’ in this hobby. 

B. 0 . 


The Physical Basis of Ultrahigh Vacuum 

P. A, Redhead, J. P. Hobson and E. V. Kornelsen ; 

Chapman and Hall Ltd., London, 1968, Price £5-58 net in U.K. 

It is well known that ultrahigh vacuum (uhv) i e, the region of presauro below 10~® torr 
IS needed for various important scientific and technological purposes, as foi example, in sys- 
tems for plasma physics research, accelerator vaccuiun systems, cryogenic ay.stom8, space 
simulators, production of thm films and other solid state devices, and in experimonl.B requiring 
atomically clear surfaces or high gas purity, also certain other systems of smaller volumes 
required for scientific research. In oider to understand the phenomena in uhv systems and 
in uhv technology, knowledge of different disciplines, namely, surface physics and chemistry, 
thermodynamics, electron and lon-impact physios, cryogenics, electronics etc. are requii'ed. 
Therefore, to deal with the physical basis of uhv m a single volume is a formidable task indeed. 
The authors, who are members of a woliknown group of workers in the field attempted to 
achieve this in the present volume They have dealt with the physical piocosaes involved 
in uhv phenomena, pressure measurement in those systems, production of uliv and examples 
of uhv. But nowhere the authors havo attempted to doal with the practical or tochnological 
aspect of the subject. They havo, however, taken great pains in clearly explaining the physi- 
cal principles involved in the production, meosmement and maintenance of uhv in various 
systems. The volume will therefoi'e be a useful handbook for all workers, scientists or tech- 
nologists, HI the field of uhv, for whom a knowledge of the basic principles involved m the 
]ihenomena are essentially needed. 

A, K. D. 
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lU 

Transfer and Storage of Energy by Molecules: VoL 1 Electronic 

Energy 

G. M. Burnett and A. M. North, Wiley-Interscienoe, 1969 — 227 pages. 

The book is an attempt to colleot and systematize the results of the work done in various 
branohoa of science on Energy Transfer in Molecules which are published in different speoia* 
Used journals, In view of the growing importance of the energy transfer in ohomistry, biology 
and solid state, a book which trios to bridge the gap between spectroscopists and chemical 
kineti cists is definitely welcome. The book consists of four review articles on electronic energy 
transfer, and it will be followed by Vol 2 and Vol. 3 of the series discuasing vibrational and 
rotational energy transfer, respectively. The fli*st article of the book by Cundall discusses 
the conversion of electronic energy to vibrational and translational forms as deduced from ex- 
periments in the gas phase on atoms and diatomic & polyatomic molecules. The third article 
by Kearwell & Wilkinson emphasizes the work done m the condensed phase with organic polya- 
tomic molecules, and discusses fiaorescence, phosphorescence, tripet-triplet absorption and 
photochemical yield in relation to the properties of electronically excited states. This article 
overlaps to some extent with the first article, and the two perhaps could have been combined 
into one to present the materials in a more systematic fashion. The second article of the book 
by J. N. Bradley essentially discusses the reverse problem of conversion of other forms of 
energy to electronic energy as deduced from shock wave studies, while the fourth and the 
last article discusses the problems connected with the transfer of large amounts of energy 
from highly energised particles and radiation. All the articles are well-written and can be 
easily followed by physical organic chemists. However, I feel that an article on theories of 
radiationless process and energy transfer, and another on experimental techniques would 
have helped to bring completeness to the discussion. The articles emphasize the basic idea 
involved but make no attempt to be exhaustive, or to collect all the work done up-to-date. 

I he book will be a good addition to a chemical library. 

M. C. 


The World of Mars 

V. A. Firsoff, 1969, pp 128, price 7sh 6d, Oliver & Boyd, Edinburgh. 

This little book covers practically the entire information available on^tJie planet Mars 
up-to-date. The author is himself a wellknown worker in Areology and speaks with authority 
and conviction on the subject. The writmg is informative, instructive and intriguing. The 
confrontation between telescopic and other earthbound instrumental observations and the 
close range but limited observations by Marmer 4 probe, has been critically discussed to show 
the pitfalls in ai riving at conclusions on Martian geography, geology, meteorology and ecology 
deiived from cither class of data. The mysteries of Schiaparelli’s “Canals”, the seasonal color 
an topological variations, some of the most intriguing and controversial subjects on Mars, have 
been given as logical an explanation os is to be expected, considering all the conflicting data. 
A layman to fully appreciate the book would be expected to have a faiily good knowledge of 
several associated subjects, but for the specialist it should be a source of pleasure to go through 
uis-uy problems of Mara, only the fringe of which appears to have been 

bft teriftl life and the necessary factors for their sustenance. Whether the “e«nnla“ of 
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aro roally subterranean aqueducts, whether some of the observed mushrooming clouds on Mars 
are from nuclear explosions or whether the mysterious twin satellites of Mars are really huge 
spacecrafts, indicating existence and activities of Martians, such conclusions according to the 
author are improbable but not impossible. But without more unambiguous data it is still 
premature to build up a theory of the Martian World, and the day is perhaps not ver y far off 
when manned spacecrafts going round or landing on Mars or Lunokhod typo robots roaming 
round Martian landscape will settle all controversy. Until then most of the theories on Mars 
are to remain “not proven for the time being” as the author very cautiously assorts. 

A. B, 


Atomic Spectra 

H. G. Kuhn, F.R.S., Second Edition 1969, 

Longmans Green & Co. Ltd., 

London & Harlow, pp. 472-j-xviii, price 105sh. 

This book on Atomic Spectra by Dr. Kuhn is a departure from the prisvious standard 
books on this subject. His method of exposition of the subject is also dittorcnt. In the second 
cliapter ho has given the outlmes of the theoretical methods required for the undorstandmg 
of t,ho mechanics of the atom which, as he himself has pointed out, is not meant to bo a com- 
plete exposition of the complex mathematical techniques of quantum mechanics. 

Tn succeeding chapters he has systematically expounded the methods applied for the 
1 ‘lucidtttion of the atomic spectra starting from the simple spectra of hydrogen and hydrogon- 
likc atoms tlirough those of helium, alkali motals, alkaline earth metals, trivalont elements 
and ending in the complex spectra of higher members of the periodic table. All the concepts 
liavo been neatly developed giving the necessary mathematical treatments wherever necessary 
and illustrating the subjects with diagrams, tables and photographs of the spectra. 

Dr. Kuhn has elaborately discussed the very imporl/ant aspects of linear and quadratic 
Stark effects and those of Zeeman effects in simple, doublet and complex spectra. 

Ill two special chapters he has dealt exclusively the subjects of hyperfino structure, 
JHoiopo shift, width and shape of spectral lines on which ho himself has made many contribu- 
tions. The importance of the radiofrequenoy methods for studying the hyiierlino 8tructure.s 
has been specially disoussod though the details of the experimental methods have been left 
out for obvious reasons. 

The addition of many recently develop :d aspects of the atomic spectra such as Lamb 
shift in hydrogen, deuterium, singly ionised helium and doubly ionised lithium, atomic beam 
resonance, optical bumping, auto-ionisation etc., have made the book more up-to-date, 
though according to the author himself, it has not been possible to include all the new miito- 
nals of current resoarches within the framework of the book. 

This book though meant for more advanced undorgi'aduato and graduate students, 
undoubtedly will be of much help to research workers in the field of atomic spectra. More- 
over, the large number of roferencos included m the bibliography has moreased the usefulness 
of the book, This book is a v^iluabje addition to tho existing works on Atomic Spectra. 

Q. S, Kr 
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Sjjectra and Energy Levels of Rare Earth Ions in Crystals 

Gerhard H. Dieke, 

Intorscionco Publishers, 1968, 401 pages. 

G. H. Dioko iH ono of tho pioneers who have done extensive investigations of the proper- 
ties of th(‘ rare earth ions m orystals. Beforo World War II, tho main interest was confined 
to Uranyl compounds for obvious reasons. After the war availability of pure rare earth com- 
pounds in good quantity resulted in a spurt of investigai^ions on these ions. When lasers ^veT'o 
invented in the eai-ly sixties, the potential use of rare earth ions as active material for lasers 
was roeognised and now a good many people are working in this field Dioko and his co- 
workers have made decisive contributions. 

The book undnr review is mainly concerned with tho optical properties of rare earth ions 
in crystals It is mainly based on the author and his co-workers work and mcludcs many 
unpublished results Experimental procedures are lucidly presented and a large amoimt of 
expnj’imentttl data is iiicorporal-cd The noce.SHary theoretical methods are developed m a 
eoncise way m appropriate places References are ver5’' oxtonsn'c and useful. One can say 
without reservations that this is an important and welcome addition to the existing literature 
in this field. 


A. S G. 


Books Recently Received ron Review 

An IntrofJnrtion to Liquid Hehum, .T Wilks, £ 2.40, Clarendon ProH.s, Oxford, England. 

Glass Lasers, K. Patek, £ 6 50, London Iliffc Books, (Butterw'orth & Co ), London 

Atomic and Nuclear Physics An introduction in S I. Umt^, Ed. T. A. Littlefield and 
N. Thorloy, £ 0.75, English Language and Book Society and Van Noatrand Reinhold Co, 

London. 

Thin film Physics, O. S. Heavens, f 2 00, Methuen and Co. Ltd , London. 

Electron Dijfractwn, T, B. Rymei, 50S, Methuen & Co. Ltd., London, 

Nui tear and 1 article Physics A mnial ( Vol, 1 ), Ed Leon Ledernian and 3 oseph Wencser, $1 30.60, 

Gordon and Broach Science Publishers Ltd., London. 
To 2 ncs in Theoretical Physics, Eel. Chriatofer Cronstrom, 3G.00, Gordon and Breach Soiouce 

Publishers, Ijondon 

Artrophyric, anA Ocneval HMvity, Vol. 1 , Ed. M. Chrotion, S.Dosor and ,T. Goldstoin, * 31.00. 

Gordon and Broach Science Publishers, London. 
Photophysics of Aromatic molecules, John B. Birks, John Wiley & Sons, Now York. 
Mathematical and theoretical Physics, Vols. 1 and 2, Egil A. Hylloraaa, Vol. $15.00, Vol. 2-16.00, 

. . John Wiley and Sons, No\v York 

* ymmetry Pnnc'ijjles and Atomic Spectroscopy, Brian G. Wyboume, $ 17.60, John Wdoy & 

A T 1 Sons, Now York. 

applied Matrix and Tensor Analysis, John A. Eiscle and RoborM. Mason, John Wiley & Son« 

n . « New York. 

roper les of Matter, B. H. Flowers and E. Mendoza, $ 16.60, John Wiley & Sons, New York. 
Fundamentals of Aeronomy, R C. Whitten and I. Q. Poppoff, $ 14.96, John Wiley & Sons., 

New York, 
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Force constants and mean amplitudes of vibration of 
octahedral haloanions of IV B group elements 
By H. S. Singh, A. N. Pandey, B. P. Singh and Nitish K. Sanyal 
D&partmmt of Physics, University of Gorakhpur, Gorakhpur 
{Received 12 December 1969) 

Genoral quadratic force conHtaiita for ociahodral haloanions of point group have 
boon dotoinniiofl using III and llainati spectral data ''Pho trends in the force constants 
and \ibiational frcquoiicies have beim discussed and compared with those corros- 
}ion(ling to MXi type inoloeidos The moan-square amplitude quantities and mean 
amphi-udos of vibi atioii for tho bonded as woll as non -bonded atoms for chloro- and 
bromoanioiiH have bucii evaluatod at three tom])oi'atures, T — 0", 298*’ and 500°K. 


iNTBODUenON 

ileccntly, the spectra of a large number of complexes of transition elements have 
been studied both theoretically and experimentally specially to understand the 
‘anomalous’ intensity pattern of tho fundamental frequencies (Woodward & 
Ci'i'ightoii 1901) consequences of different d orbital occupancies and Jahii- Teller 
clTects. Adam & Newton (1908) studied the Kaman and 1. R. spectra of octa- 
hedral chloroaiiions of TVB gi’Oiip elements and calculated the force constants 
(‘inploying Uiey -Bradley force field. Further Brisdoii et al (1969) observed the 
Rinnan and J. R spectra of chloro- and bromo-anions of iVB group elements 
iiud I'oported valence force constants on the basis of ilieii' vibrational studies of 
chloro- and bromo-anions of IVB group elements Due to the increasing im- 
portance of the haloanions in the transition metal complexes, it was thought 
worthwhile to compute general quadratic force constants for the octahedral 
chloroaiiioiis (TiCly^"', ZrGlp-“ and BfClQ®") in order to study tho nature of bonding 
m the octahedral chloroaiiions, and also to compare tho vibrational frequencies 
and force constants with those of tho corresponding tetrahedral molecules. 
Further, tho generalized mean-square amplitude quantities and moan amplitudes 
of vibration for bonded as well as non-bonded distances have been evaluated. 

Method 

Tho ions of the type MXfl^“(X = Cl, Br) possess 0^ symmetry and the funda- 
mental vibrations are distributed as, where a^g, 

are Raman active and f^ is infrared active, while fzu is inactive in both. 

Tho generalized quadratic potential field constant and the symmetrized 
mean-square amplitudes of vibrations were evaluated as in our earlier paper 
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(1969a, 1969b). The fundamental frequencies employed in the present compu- 
tations were taken from literature (Adam & Newton 1968, Brisdon et al 1969) 
and are presented in table 1 along with computed bond distances. The 
fundamental frequencies in case of bromoanions wore evaluated by employing 
modified valence force constants reported by Brisdon et al (1969). 


Table 1. Fundamental frequencies of octahedral haloanions (in cm“^) 


Ion 

Vi 

V2 

Vii 

^4 


ve 

M-X bond 
length 
(in A) 

TiClo=‘" 

:i3i 

284 

330 

193 

194 

142 

2.31 

ZrCle,“- 

327 

237 

290 

150 

153 

90 

2.44 

HfCle=- 

333 

237 

288 

145 

167 

80 

2.43 

TiBre“- 

192 

141 

268 

121 

110 

77 94 


ZrBr^“- 

198 

141.7 

226 

114 

116 

82.18 


HfBraa- 

201 

157 

193 

112 

116 

82 18 



Force Constants 

The force constants, computed here using the general quadratic potential 
function, are presented in table 2. The sjanbols have their usual meanings as 
explained in our earlier papers (1969a, 1969b). The reported constants reproduce 
the observed frequencies very well. 


Table 2. 

Force constants (in m 

dynes/A) 

Force constant TiCV'* 

ZrClo**- 

HfClg**- 

Ja 

1.627 

1.306 

1.419 

fdd 

0.100 

0.177 

0.190 

fd* fdd” 

0 106 

0.066 

0.040 

fa ~faa"' 

0.187 

0 124 

0.134 

fad — fdd” 

-0 005 

0.000 

0.003 

fdd'—faa'" 

-0.012 

0 019 

0 034 

fdd* 

0.368 

0.321 

0.134 


Neglecting the small difference in M — Cl stretching constant for TiCle^-j 
which is due to the use of ammonium instead of tetraethylammonium salt, 
it may be noted that/^ varies inversely with M— Cl bond length estimated from 
Pauling covalent radii (1960). This is anticipated for elements of a group when 
oxidation states are equal. Similar trend in UBFF stretching constant {K) has 
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also been reported by Adam & Newton (1968). It is also apparent from the 
table that the stretching of the bond varies for different complexes. The bond- 
bond interaction constant increases with the increase of atomic weight of the 
central atom while the reverse trend is observed for the constant. The 
deformation constant^ /**, , for Zr and Hf-ohloroanions is approximately the same. 

A comparison of the force constants of MCle**- ions with those of the corres- 
ponding MCI4 molecules (Muller & Krebs 1967 and Nagarajan, 1964) in table 3 


Table 3. Comparison of force constants and frequencies of MX^ 
molecules and MX^®” ions. 


Specioa 

Force constants (m dynes/A) 

Frequencies (om"^) 

U 

/dd 

/a — /aa" ' 


Vb 

TiCli 

2.69 

0.19 

0 11 

389 

140 

TiCla^- 

1 63 

0.10 

0 19 

331 

194 

ZrCh 

2.66 

0.17 

0.09 

383 

120 

ZiClo®“ 

1.31 

0.18 

0.12 

327 

153 

HfCU 

2.42 

0 03 

0.07 

347 

94 

HfCh*- 

1,42 

0.19 

0.13 

333 

167 


shows that the stretching constants for the octahedral ohloroanions are less than 
those for tetrahedral molecules, indicating a loosening of the bonds in MC1 q*“ 
10ns. An opposite trend is noticed for and the bending constants except for 
TiClg*!- due to different salt used in spectral studies. Further, a greater force is 

A 

required to open the Cl— M— Cl angle in MCI ion as compared with the MCI4 
molecules. 


Trend in fbeqttenoies 

The stretching frequency v^(aig) for the ions under investigation is nearly 
tlie same. In the case of Zr and Hf, all the frequencies are approximately the 
same. A comparison of the frequencies of the MCIq®" ions with MCI4 molecules 
in table 3 indicates that the symmetrical stretching frequencies of the ions are 
lens than those of the molecules wdiilo for bending frequencies the behaviour is 
opposite. 


Mean amputudes of vibration 

The generalized mean-square amplitude quantities, viz. mean-square parallel 
amplitude <Az®> and mean-square perpendicular amplitudes <Ax®> and 
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<Ay“> at three temperatures T = 0°, T = 298° and 600°K are given 
in table 4 The moan amplitude of vibration for bonded as well as nonbonded 
atom pairs at tempei'atiires T = 0°, 298° and 500°K are given in 
table 5. The mean amplitude of vibration for bonded atom pairs increases with 
tlio increase of mass of the central atom for chloro- and bromo-anions while the 
coiTesj)ondirig force constants show a reverse trend (19G9). The mean amplitude 
quantities for uon-bonded distances in general also increase. On the other 
liand, as one moves from chloro- to broniospccies for the same element, the mean 


Tabi^e 4. Gcmcualized moan-square ampb'tude quantities in 
for o(!taliodral haloanions. 


Ion 

Distanf’o 

Symbol 

Moaii-aquaro amplitude quantities 

T = 0"K T 2‘)8°K T = SOO'l 

TiClo“- 

Ti-Cl 

<A=“> 

2ri.K,*{i 

39.957 

60 211 




34 361 

80.046 

128 310 



<Ay»> 

34.3CI 

80 046 

128.310 


Cl-Cl 


31 887 

61.921 

79 218 


(linear) 

<Aa;2> 

24.501 

56 088 

90.062 



<Ay«> 

24.601 

66.088 

00.062 


Cl-Cl 

<A22> 

87.246 

166.142 

267.249 


(non-linoar) 

<Ax^> 

75 788 

139 263 

215.828 




45 722 

129.481 

211.136 

Zi-CI(.2- 

Zv-Cl 

<A2=> 

23.C72 

40.711 

62.780 



<Aa'2> 

38 COG 

131 082 

216.315 



<A7/> 

38 C06 

131.082 

216.316 


Cl-Cl 

<A2=> 

36 431 

66 458 

103.528 


(linear) 

<Ar2> 

31.065 

87.880 

143 411 



<A?y=*> 

31.065 

87.886 

143 411 


CI-Cl 

<A2='> 

81 864 

212 066 

341 . 579 


(noii-linoar) 

<A.'r=> 

68.171 

173.683 

279.186 



<Ay^> 

68.344 

290.792 

481,796 


Hf-Cl 

<Az^> 

20 593 

36 670 

56.095 



<Arr2> 

36.209 

138.667 

228.681 



<At/2> 

30 209 

138.657 

228.581 


Cl-Cl 

<AsS> 

30.256 

06 014 

102.791 


(linoar) 

<A:k2> 

30.276 

83.669 

130.290 



<Av«> 

30.276 

83 669 

136.290 


(Cl - - . Cl) 

<Az=> 

69.962 

192.264 

329.626 


(non-hnoar) 

< Aa;2> 

56.764 

167.113 

271.169 



<Aif> 

74 660 

363.330 

686.607 
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Table 4 (contd.) 


Ion Dislanco 

Symbol 

Mean-square 

; amplitude 

quanLitiofl 

T = 0°K 

T = 298“K: 

T eoG^K 

TiBi’oa^ Ti-Br 

<A2=’> 

23.876 

49.384 

78.115 


<^X^> 

32.716 

111.492 

182.769 


<Ay^> 

32.716 

111.492 

182 769 

Br-Br 

<4s=i> 

27.263 

77.740 

126.797 

(]inoai) 


19 170 

73 867 

122.112 


<Ay^> 

19.170 

7.3 867 

122.112 

Br-Br 

<A2"> 

86 976 

222.053 

367 166 

(non-linoai) 


78.716 

191 870 

307 430 



36.634 

182.348 

303.364 

ZrBi'ti^^- Zr-Br 


19.676 

44.877 

71 928 


<Ax^> 

26.739 

99.036 

163.246 


<^y^> 

26.739 

99.036 

163 246 

Br..Br 

A 

V 

26.943 

76.216 

124.252 

(Imoar) 

<A*=> 

18.179 

66.614 

109.9.33 


<l^t> 

18 179 

66 614 

109.933 

Br. Br 

<Slz‘> 

66.440 

189.907 

308.753 

(non-Hiioar) 

<Ax^> 

68 700 

163.678 

266 656 


<Ay^> 

34 750 

164.335 

273.068 

HfBro=- Hf-Br 

<Az^> 

16.680 

40.066 

64.609 


<Ax^> 

22.424 

89 396 

163.607 


< A?/“> 

22.424 

89.396 

163 667 

Br..Br 

<A22> 

24.902 

66.021 

105.473 

(linoar) 

<Ajp«> 

18.179 

66 614 

109.933 


<Ay^> 

18.179 

66.614 

109.933 

Br, .Br 

A 

> 

V 

62.842 

166.206 

278.026 

(non-lmeav) 

<Aa;2> 

122.482 

137.608 

230.780 


<A./=> 

34.760 

164.336 

273.068 


amplitudes of vibration for bonded as well as non-bonded linear distances in 
general increases. The quantities corresponding to non-lincar noii-bondod dis- 
tiincoB show an opposite behaviour. In the case of octahedral titanium cliloro- 
aiifl bromo-anions such variation has not been observed due to reasons stated 
earlier. The mean ’amplitude quantities increase with temperature as expected. 
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Tablh: 5. Mean amplitude quantities in 10”^ XA for octahedral chloroanions 
and bromoanions. 


Ion 

Uistanco 

Mean amplitude quantities 

T = 0°K 

T = 298'’K 

T = 600“K 

TiClo^- 

Ti-Cl 

6.083 

6 321 

7.760 


01.. Cl 
(Imear) 

6.647 

7.206 

8.900 


Cl.. Cl 
(non-linear) 

9 341 

12.662 

16.039 

ZrClo"- 

Zr-Cl 

4.866 

6.381 

7.924 


Cl.. Cl 

6 036 

8.132 

10.176 


(linear) 

(non-linear) 

9.048 

14.662 

18.482 

HfCla®' 

Hf-Cl 

4 638 

6.973 

7.423 


Cl.. Cl 
(linear) 

6.021 

8.126 

10.139 


Cl. Cl 
(non-linear) 

8.364 

13.866 

18.166 

TiBr^a- 

Ti-Br 

4.886 

7.027 

8.838 


Br. .Br 
(linear) 

6.221 

8.817 

11.260 


Br .Br 
(non-linear) 

9.326 

14.902 

18.899 

ZrBr,,2- 

Zr-Br 

4.242 

6.699 

8.841 


Br. .Br 
(linear) 

6.191 

8.730 

11.146 


Br. .Br 
(non-linear) 

8.151 

13.781 

17.671 

HfBi«2- 

Hf-Br 

4.072 

6.330 

8.038 


Br..Br 

(linear) 

4.990 

8.064 

10.270 


Br. .Br 
(non-hnear) 

7 269 

12 896 

16.674 
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Glauber approximation in inelastic e-H scattering 

By A. S. Ghosh and N. C. Sil 
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{Received 24 December 19G9) 

Glauber approximation has been applied to calculate the total and the differential 
cross sections for ls-2a and la-2p excitations in e-H scattering. In the intermediate 
energy region, our results for the total cross section of ls—2p excitation are in better 
agreement with the experimental observations than other existing theoretical results. 
In the case of la~2p excitation tho total cross section curve almost coincides with 
the experimental findings. The differential cross sections for both the cases are more 
sharply peaked m the forward direction than those in Born approxunation. 

Inteoduction 

With the recent developments in the experimental techniques, consider- 
able theoretical interests have been focussed upon electron-atom collisions. 
Electron-hydrogen system is theoretically the simplest one and as such has 
been most extensively studied. In the case of inelastic electron-hydrogen (e-H) 
collision process, there are long standing marked differences between the experi- 
mental results and the theoretical findings. There was no appreciable improve- 
ment in the theoretical results in spite of repeated attempts. Akerib & Boro- 
wibz (1961) have applied the impulse approximation to the inelastic e-H scattering. 
A new method, which explicitly takes into account the repulsion between the 
atomic and incident electrons in the choice of tho total wave function, has been 
introduced by Vainshtein, Presnyakov & Sobelman (1963). Ochkur (1963) has 
given a modified form of Born-Oppenheimer approximation allowing for exchange 
interaction. Recently (1969), he has presented an improved version of this 
previous work. Sloan & Moore (1968) have given a theoretical formulation for 
both the elastic and inelastic processes based on Foddeev equation (1961) for 
throe particle scattering. This approximation amounts to an unitarized Born 
approximation with the exchange effect taken into account. Several workers 
(Damburg & Peterkof 1962, Burke, Schey & Smith 1963) have applied the close 
coupling approximation to the o-H scattering problem. This approximation, 
though theoretically sound, is laborious in practice and the results obtained in the 
case of the inelastic processes are not upto the expectation. 

The purpose of the present paper is to make an analysis of the inelastic 
(1 s“ 25 and \s-2p) electron-hydrogen scattering processes. The dynamical basis 
of our calculation is tho multiple scattering model proposed by Glauber (1969). 
This approximation is extensively used in nuclear and particle physics Bessel 
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& Willsin 1968, Harrington 1968). In atomic physics, it has been applied to 
clastic eloctron-hydrogon scattering (Franco 1968, Tai et al 1969). Glauber 
approximation is based on Eikoual approximation. The latter applies to the 
scattering by a fixed potential and is thereby restricted to single scattering where- 
as Glauber approximation takes account of multiple scattering. Contrary to 
the method of impulse approximation the interaction between the incident 
electron and the proton has been taken into account in the present method. 

Wo have calculated the 15-26- and ls-2p excitation cross sections in e-H 
collision covering the energy region 10-6 eV to 200 eV. 

Theoby 

We consider the target proton to be infinitely heavy and the origin of the 
co-oT’dinate to be placed at the position of the ju’otou. Let r denote the position 
vector of the atomic electron and b be the impact parameter vector relative to 
the origin In Glauber approximation, the ami)litudc of scattering Ffi(a) for 
the process in which the hydrogen atom undergoes a transition from an initial 
state i with wave function to a final state/ with wave function is given by 
(Franco 1968) 

-- "h J 5«/*(r)r(6, r)Ur) exp dr, (1 ) 

whore q ko—ki, ko and kx being, respectively, the momenta of the incident 
and scattered electron The double integration with respect to (l‘^b is over the 
Ijlanc perpendicular to the incident beam direction. r(6 r) has the form 
(Glauber 1959) 

r(b,r)-l-exp(2iy(b)), ... (2) 

where ;\'(6) is the phase shift corresponding to the impact parameter b- Accord- 
ing tt) Glauber, the phase shift due to a number of scattering centres is just the 
sum of the individual phase shifts due to each, taken separately, of course, at 
the apjiropriate values of the impact parameters. Thus for the case of c-H 
scattering we may write (Franco 1968) _ 

r(6,r) = 1-expf ] 

\b—s\ 

b I 

with r = s+z, where s is the component of r perpendicular to the incident beam 
and n = v being the velocity of the incident electron. 
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Next we calculate the scattering amplitudes for the two different cases 
under consideration, 

(A) (ls-2s) case : 

Here the initial and final states are, respectively, the Is and 2s states of 
hydrogen atom; 

/-e., 0jj(O = (ttUoS)-! exp {-rja^) and (2X'*7r)-i( 1” ) exp (-r/2flo), 

whore is the Bohr radius. 

We take q to bo perpendicular to the incident momentum kn (figure 1), 
this assumption (Bessel & Wilkin 1968) is justified in Glauber's model which 
is applicable to small angle scattering at high energy. 



FigURB !■ Coordinate eystom UBod for inelastic e-H scattering. 


Substituting the expressions for and r(6, r) and changing 

integration variables from $4, X to 0' (= ^-x)^ X we can vrito equation (1) as 

^ ^ — ^fegCOS^ j j 


2 
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Integrating with respect to X have 


f (l- -2«7' (- 2a„ 

[ 1 _ ( ““A' ) ] J„(g6) X 6^ db dz ds d^‘ 


where the integration with respeot to h is over the interval (0, co). perform 

the angular integration with respect to and obtain 


'■/'W I 

[ ^ " (t ) 


wlioro a{y) ^ y-‘”(\ -'/”)>■' J»». I + 2 »X- 1. 2/“) V = ■ z^'i'jcinp 

the hyporgeoinetric function. Now we periorm the iutopratioii with respect 
to 2 (— 00 , 00 ) and get 


Fdd 




X Jo(q b)bs dhdH ... (4) 

whore and ^ho Bessel functions of the third kind. The integration with 

respect to s is over the interval (0, co) Introducing the polar variables r, 0 
given by b = r cos 0 and s — r sin 0. to the integral (4) and evaluating the radial 
integration wc have 

n 1 2 

Ffi{a) I 0 cos ^?[^sin« d— cos^ 0 sin- <9+ g|(tt„| 7 )-*cos^ 0 j 

0 

X / sin® <9+i(a,jg)® cos® 0^ 

XLI — ( 1 cos 20 1 /cos I cos 20 1 hi, J 1 ; sin® 2d) \d0 ... (5) 

(B) (l6'~2p) case . 


Here the possible final states, with as the polar axis, are 
^ 2 P>±A'»') == ( 2 ‘* 7 rao‘^)-ir exp(~r/ 2 a„) sin 0 exp (ii^) 

002 ) )(r) = ( 2 -’ 7 ra„'’)“ 0 - exp (— > 72 a„) cos 0 

One can easily find that the factor rcos 0 that appears in the wave function 
for 2p0. makes the corresiionding matrix elements vanish. Further, it can be 
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sliown that the cross sections for the othci two stales are the same. Thcro- 
loro we need calculate only a single scattering aniplitude. As in the previous case 
wo now substitute the expressions for 0,a(r). and Tib.r) in equation (1) 

and obtain 


«*| - st. 4 v?+-^) [l-( W' 


exp {iq b cos x+^A') oxp hs dh dx dz ds d</>' 

Integrating with respect to x obtain 

X Ji{qh)b dh dz ds d</>' 

Performing the integration with respect to we get 

f ‘‘^P ( ~ 2^ 0(y)Ji(qh)hdbdsdz 

where <7 (j/) = l — Xin, 2; i/-) 


Following the same procedure as in l5-2s, we finally get the scattering amplitude 
as 

7t/2 

Ffj(a) — J («„« 7 )sin‘* 0 cos"^ 0 (cos 

h 

X(sin= 0— I (a^q)^ cos^ 0) (siri^ 0-\- ~(rt„g)2 cos^ 


in. 1~?, in, 2; sin=20)d^? ... (0) 

The dilforontial cross- -lection for a ])artioulttr transition is obtained by the relation 

/(a)=-||J’,.(a)|» ...(7) 

The total cross section for the process is given by 

Q = 27r J rii’(a)] sin a dot (9) 

0 
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Results and Discussion 

We have calculated the differential cross sections for U-2s and 
excitations with the help of the equations (6), (6) and (7). The mtegrataon in 
equations (5) and (6) have been done numerically using » Gaussian 

nldrature. In figuie 2. wc have compared our results for the differential cross 
sections for U-2.' excitation at incident energies 50, 100, and 200 eV with the 
corresponding results of the first Born approximation (FBA). Table 1 furnishes 



FiGUaE 2. Excitation difforontinl crosa-Boctiona of hydrogen 2s Icvtil in 
the hist Bom and Glauber upproxiinaiiona. 

Tabic 1. Diflcreniial croas-sectious per unit solid angle in units 


of per steradian for excitation of 2p level of hydrogen. 


Electron 


Cosine 

of angle 

of scattering 


(oV) 

0.9999 

0.990 

0.985 

0.939 

0.868 

0.750 

50 

:i2.06 

20 99 

7 66 

0.94 

0.17 

0.03 

100 

83.51 

22 66 

4.22 

0.25 

0.03 

0.004 

200 

259.30 

12.70 

1.44 

0.03 

0.003 

0.0004 
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tho calculated values of the differential cross-section for \s-lp excitation at 
different values of the cosine of the angle of scattering for these incident cneigics. 

In the calculation of the total cross-section wc have carried out the integra- 
tion with respect to the cosine of tho angle of scattering numerically. Depend- 
ing upon the nature of the integrand we have divided tho total range of integra- 
tion (—1, 1) into suitable sub-intervals. In each of the sub-intervals a 16 point 
Claussian quadrature has been used. In table 2, wc have compared our values 


Table 2. Excitation total cross-sections 2s and 2p levels of Hydrogen 
(in units of ira^) in Bom, Ochkur and Glauber approximations. 


Excited 

states 

E(eV) 

30 

40 

60 

100 

200 

28 

Born 

Oohlcur 

Glauber 

0.123 

0.080 

0.106 

0.081 

0.081 

0.072 

0 057 

0 063 
0.0616 

0.029 

0.028 

0.028 

2p 

Born 

Ochkur 

Glauber 

1 12 
0.790 

1.09 

0 843 

0.96 

0.787 

0.73 

0.73 

0.637 

0.47 

0 48 
0.462 


for the total cross-sections for both the cases at different incident energies with 
tho corresponding values obtained by using Ochkur (1969) and Born apiiroxi- 
inations. In figures 3 and 4, wo have shown our results for the total cross- 



3. Total oxcitation crosf^ sections of the hydrogonio 2# level in eH scattoring. Solid 
lino Bjm approximation without exchange; small circles — close coupling approximation 
(Damburg ul 1902) with consideration of l«-2«-2p-lovelsi Chainod curve— Ochkiu- approxi- 
^natioii (1009); dotted lines — present oaloulation; circles with error indicated — experiment, 
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soctioTiH (jf LS-2.S’ and ] .s-2i) processes, respectively, together with the correspond- 
ing existing theureticiil curves tincl compared them vith the experimental findings 
(Fite rt a} 1900, Lichten 1901). 



FiGTJiiE 4. Total oxc’ilation cross -sncti on h of the hyrlrogonic 2jl> lovol m o-H Bcattoring. Solid 
lino- Boin appioximation without exchange; small circlos — close coupling approximation 
(Datnburg e,t al. 1902) AVith consideration ot l-2s-2p- levels; Chained rurvo- -Oehkur npproxi- 
motion (1969), dotted line — present calculation, circles with error indioatod- experiment. 

The differential cross sections obtained in Cdauhcr approximation are 
more sharply peaked m the forward direction at cvcj y energy than those given 
by the first Born approximation. \^'ith the increase of the incident energy, 
our results give closer agre(',mcnt with those of the first Born approximation, 
Tills is in conformity with the obat^rvation of Tai et aJ. (1969) 

The calculated values for the total cross section for l.y-2,s* excitation agree 
more closely with the experimental findings than the results of other theoretical 
calculations in the intermediate energy range However, near the threshold 
energy, our results deviate considerably from the experimental findings, H 
does not reproduce the peak at the threshold. The theoretical curve for the 
total cross-section for l6-2p excitation in Glauber approximation almost coin- 
cides with the experimental observations even upto energies as low as 25 eV: 
below this energy, however, there is a slight discrepancy. For both the cases 
under consideration, it appears from the table 2 that above 200 eV the theoretical 
results in first Born, Oehkur (1969) and Glauber approximations are almost 
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ideuiical. This has already been pointed out for the case of l{>-25 excitation in 
out' previous note (1909). The better agreement of our theoretical results "with 
the experiments in the intermediate energy region may be attributed to the 
fact that contrary to the first Born and Ochkur approximations, the Glauber 
approximation takes account of the interaction of the incident electron with 
the proton. Glauber approximation is a high energy approximation and is 
supposed to hold good for the small angle scattering. It is not generally expected 
to give good results in the low energy region Further, for the inelastic process 
it does not satisfy unitarity (Glauber 1959). In the present study, we have not 
take into acjcount the exchange effect, which is expected to play an important 
ri>le in the low energy region. All those may bo responsible for the behaviour 
iiGtar the threshold. In addition Irfi these, there are many doubtful assumptions 
in Glauber model. Jn order to come to a definite conclusion regarding the 
validity of this method, this method should be wddely used in various problems 
and the calcjulatcd results should lie compared with exjierimental findings. An 
extension of Glauber approximation to the clastic o-He scattering is under way. 
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(PJate— 6) 

The Hoooiul pu.sitivo hanclfcs of N 2 wore observed in the afterglow of Na and O 2 mixture 
and were studied spocti oacopically, photometrically and miorophotometrioally, 
Effect of toinporaturo on the intensity of bands at 3371 A and 3677 A of Na 2PQ system 
IS small. Quenching croas-soctions for the above by Ea and O 2 aro of the order of 
10“^^ chi'* and lO-^*^ om“, respoctivoly. Excitation mechanism of those bands in 
the laboratoiy has boon proposed as follows : 

N + O + Na -♦NO +Na(^'’Si*+) 

0-1-0 +N2(^3S«+)->03 +N + {cniu) 

H-Av 

Introduction 

Mecke & Liiidaii (1924) and Coster et at (1933) observed the seeond positive 
bands of N.^ in tlio discharge of Ng and air and also in arcs at low pressures. 
Those bands were also excited by bombarding Na molecules by ions (Philpnt 
et al 1961, Ghosh et al 1965), In the pink afterglow excited in highly pure No, 
the presence of the bands was detected and their excitation was disoiissed by 
Piag & Clark (1963). The afterglow excited in Ng of ordinary purity contains 
mainly first positive bands and very weak second positive bands (Young & Black 
1966). Barth & Kaplan (1957) observed the second positive bands in the 
afterglow of Ng containing 2 percent of oxygen. 

To understand the excitation mechanism of these bands in the afterglow 
and their characteristics, the present investigation was undertaken. 

Extekimental Arrangement and Observations 

Tile cxp(irimcntal system described elsewhere (Ghosh et al 1969a) has been 
used omitting the sodium vapouring chamber (figui'e 1). Ng and Og gases wore 
used directly from cylinder without purification. These gases were 99*5% pure. 
Oxygon gas was introduced through the needle valve N* and was dissociated 
by discharge from a microtherm before it entered the reaction chamber. The 
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Na gas was introduced through the other needle valve N". After adjusting the 
flow rates of N 2 and Og gases, the maximum intensity in the afterglow was 
obtained. A strong white -greenish afterglow filled the reaction chamber. When 
the flow of Og was stopped, alterglow did not appear in the reaction chamber 
^ (iven with large flow rate of Ng.* 



Spectroscopic and photometric observations, and microphotometric analysis 
of the afterglow are described below. 

1. Spectroscopic : The spectrum of the afterglow was taken with a 
ffilgor medium quartz spectrograpli through the quartz window W (plate 6b 
All exposure of 12 hours was given on Kodak F(103)a plate. It was observed 
tliat No second positive bauds in the range 3000-4500 A were present.** The 
bands and their visual intensities are given in table 1. 

2 Photometric ohservatiom : Second positive bands of No at 3371 A 
and 3577 A wore selected by a monochromator described elsewhere (Ghosh et al 
,19t)9a). Tliroe photometric observations were carried out, namel 3 ^ variation 
of intensities of 3371 A and 3577A with (1) No pressure at a fixed flow' rate of Og. 
(2) Og pressure at a fixed flow rate of Ng, and (3) temperature. These observa- 
tions are described below : 


* Afterglow produced by diasooiating N 2 molecules was investigated and was studied 
great dotail by Young & Black (1966). In tho present oxponmenlal setup, however, the 
N 2 gas was not directly under microtherm discharge. 

** Actually Nj second jjositive bands were observed in the range 3U0O-450uA. Tho 
bonds above this wavelength region were too weak to be observed. 

3 
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Tablis 1 . No iSocond positive bfmds observed in the afterglow of 
Go and N 2 mixture; 


Band head 

(A) 

In tensity 
(visual) 

Transirion 

:j]04 

VVF 

4,3 

:iiiG 

VM^’ 

3,2 

:i:i3G 

F 

2,1 

3J5U 

S 

1,0 

32GS 

VF 

4,4 

3285 

VF 

3.3 

3300 

VVF 

2,2 

3330 

VVF 

1,1 

3371 

VVS 

0,0 

3501 

S 

2,3 

3537 

VS 

1,2 

3577 

VVS 

0,1 

3042 

WF 

4,0 

3072 

s 

3,5 

3711 

vs 

2,4 

3755 

VVS 

1,3 

3805 

VVS 

0,2 

3800 

VVF 

4,7 

3895 

VF 

3,0 

3943 

s 

2,5 

3998 

vs 

1,4 

4059 

s 

0,3 

4095 

F 

4,8 

4142 

F 

3.7 

4200 

F 

2,0 

4270 

VVF 

1,5 

4344 

VVF 

0,4 

4355 

VVF 

4,9 


{i) Variation, of inten.sifit,^ of 3371 A. and 3577A irith Ng pressure _ 

The intensity of band at 3371 A was mcasui’ed at different pressures in 
the range 100-650 /t (figure 2) and for the band at 3577 A, in the range 90-700/^ 
(figure 3). The flow rate of Oj was kept constant. It was observed that the 
intensities of these bands at first rise Avdth No pressure and then, after attaining 
a maxiiiunn in the pressure range 300 -400//, begin to fall For both these bands, 
tlie rise ol intensity before reaching maximum values caji lie rejirosented approxi- 
mately by I ~ K Avhere I is the intcnBity at a pressure p, is a constant 
The fall of intensities alter reaching maximum values is given by Ip == whore 
/, p and A 2 have their usual meanings. 
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Fkriuf. 2 ^’ht' iulriipity of Iho band at 337lA is plollpJ against N- pmssuro at a fixed flow 

into of Oi. Note the flat maximum in the jsrpwsure range 340-4()0/f 



KioT'iiE 3 The iniensity of I lie band nl 3577A is plotted against Na pressuro at a fixed flow 
rote of Oa Note llio flnl innAimuiii m the piessure range 220-400^. 


(//) Variation of inteihsifiej^ of 3371 A and 3577 A with pressure 

Jvooping tlu' floAv niio oi Nn fixed, the variation of intensities of these bands 
at different pressures in the rsn^ie 85-200 /(, (figure 4) and 100-450 (figure 5), 
resjicctivolv, were measured. Tt was observed that the quenching of these 
radiations by tvas eon.'-iderable and is strong even at small concentration. 
Th(» fall of intensities of the hands at 3371 A and 3577A with the increase of O2 
])rossure can bo ropresontod approximately by Ip^ = /fg and Ip* = res- 
pectively, and I, p, and AT., have their usual significances. 
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{Hi) Variation of intensities of 337lA and 3577A with temperature 

The intenaities of these bands were measured at different temperatures in 
tlie range 26-326°C by heating the chamber electrically (figure 6). The tem- 
perature of the chamber was measured by a pyrometer (Ghosh et al 1969b). 



Fiaunis 0 The intonsities of bands at 3371 A and 3577 A arc plotted against temporalnre. 
The intensity varies slightly with temperature. 

It was observed that the effect of temperature on the bands at 3371 A and 3577A 
IS very small. The fall of intensities of these bands is small and can be repre- 
sented by 

/ = aT-h/o 

where and 1 are the intensities at room temperature and at a is a cons- 

tant and is negative. The values of a obtained from figure 6 are approximately 
l‘84xl()~® /iAI°C and 2-92x 10“®/«^/°C for 3371 A and 3577A respectively. 

(iv) Microphotometric analysis 

The Ng second positive bands were scanned from SOOOA to fiOOoA by a 
micro photometer described elsewhere (Ghosh et al 1969b) (figure 7). By meaEur- 
ihg areas covered by the bands, the relative intensities of Ng second positive 
bands are obtained and are given in table 2, 
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Table 2, Relative iiitonsities of second positive system of Nj 


Band hoad 

(A) 

Tninsition 

Relative 

Intensity 

3570.9 

0.1 

1 .00 

3371.3 

0,0 

0.90 

3530.7 

1,2 

0.76 

3159.3 

1,0 

0.65 

3765 4 

1,3 

0.60 

3804.9 

0,2 

0.56 

3130.0 

2.1 

0.48 

4059 4 

0.3 

0 47 

3998.4 

1.4 

0.47 

3943.0 

2,5 

0.45 

3894 0 

.3,6 

0.43 

3710.6 

2,4 

0.41 

3285.3 

.3,3 

0 38 

3500.5 

2,3 

0.31 

3268,1 

4,4 

0.30 

3857.9 

4,7 

0.22 

3671.9 

3,5 

0.22 

3641.7 

4,6 

0.18 


Calculation op Quenching Goepficients 

Tlie qiicneliing coefficients have been calculated fixmi figures 2 & 3 by utiliz- 
ing the curves from maxinnim intensity till it falls to half of its value T4ic 
coefficients have been obtained from the formula ‘ 


where A = transition probabiliiy, 

7/. — concentration of the quenching' s])6cics at half iutoiisjtv, and 

}lJ^^ — concentration for maximum intensity 

The quenching coeflicionts and quenching cross-seetions for the bands at 3371 A 
and 3577 A by No and 0^ are given in table 3 

Table ,J. Quenching coefficients and quenching cross sections for 
bands at 3371 A and 3577A 


Band head 

Quent'hinf' 

Quc'nehiiig coefi 

Quenching croH-s- 

(A) 

Hpenies 

( cm^/niol oeide -sec ) 

Hoctiun (cm®) 

3371 

0. 

1 J XlO " 

5.0xl0“J^ 

3371 

N, 

1 9x10-^' 

2 2x10-15 

3577 

0 ., 

1.3 vio-o 

6 5x10-1* 

3577 

N, 

1.0xl0-« 

5.2x10 15 
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Discussion 


To excite the Nn second X)oaitive bauds, liigli cncj gy (nearly 11 eV) is rcquir(;d 
Tile pliotonietric study carried out in the present investigation suggests the 
iollowing inechanisni for its excitation 

N and 0 atoms may locombinc in the juesonce of as a third body form- 
ing NO molecules. An amount of G-5 eV energy (dissociation energy of NO, 
Wilkinson 1963) will be released during the reaction, Avhich avjII raise Ngto 
state requiring nearly 6-2 oV- 

K, 

N+O+N.-^NO-hN, (.43XJ-) ... (1) 


is a metaatalile state having a lifetime greater than 0 seconds (Nicholls 
1961) These excited N, molecules may be lost as follows ; 

K, 

N2(^«S^+)+No N,' ... (2) 

K, 

N2(.4“S«+)+02 -> NV \ 0^' ... (3) 

N2(A3S„+)4N2-l-?iv ... (4) 

wliei-c N./ and Og' arc energetic species and A is the transition probability corres- 
ponding to Na Vegard-Kaplan bands At equilibrium, one obtains 




A^OJfNjfN ,] 


... {^) 


Since [NJ and [0] are proportional to [N 2 ] and [0^] respectively, 


1N2(v1«S„+)J = K 




... (0) 


Avhere K — Ka and A*. 

Ka and A^ are the rate coelTicienls for dissociation of Ng and O 2 molecules, 
t^rmn equation (6), since A is small, at a small flow rate of No, [N2(-4®Su'’')] will 
1)0 independent of O., pressure. On the other hand, if the fixed flow’ rate of Oo 
IS small, 1 N. 2 (- 4 ‘’^m+)] wdli vary linearly with N.j pressure. 

N atoms can also be removed from the system by the following reaction 
which is very fast (Sehiff 1964) 

N-hN0->No40 ... (7) 

iSince ill both reactions (1) and (7) N atoms arc removed and the flow rate 
N^ used ill the experiment is low, [NJ will be small, so much so that it will 
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limit the inoductioii of In other words, the increase of Og pressure 

will not alfoct the 

The ) may bo excited to NaCC^Ilu) state as follows : 

0+0 -► 02 +N 2 ( 6 ^«nj ... ( 8 ) 

The excited Ng molecules may be lost as follows : 

Na(C'''>n„) 4 -hNa(5%)+ Ar ... (9) 

where A is the probability for transition. 

We have already shown in figure 4 and 6 that the second positive bands 
of Na are quenched when Og pressure is increased. This can be explained 
from the fact that in reactions (1) and (7), O atoms remain conserved. There 
is enough 0 atoms in the system for the reaction ( 8 ) to take place. Increase 
of O 3 pressure loads to further j)roduction of 0 (0 atoms are produced by dissocia- 
tion of Oj) which quenches of the radiation. 

^ziG^Uu) molecules may be quenched as follows ; 

Nj( 0 >nj+N+°Ns'+N,' ... ( 10 ) 

N 2 (C’nj+ 02 ^'o,'+N, ... (fl) 

NaICqiJ+O Ns+ 0 ' ...( 12 ) 

where Ng', 0^ and 0 ' have got their usual meanings. 

From equations ( 8 ) to (12), the intensity at any pressure is given by, 

I=_ K,[0fmA^^u)] 

1+^-” [NJ+ ^ [0,]+ [O] 

As the Nr, second positive bands have allowed transitions (transition pro- 
bability ~ lO"^ sec~^) and the quenching terms in the denominator of (13) arc 
< 1 at a small flow rate of ([O 2 ] and [0] are small). The intensity I will at 
first vary linearly with increase of Ng pressure (N 2 (.d®Stt+) is shown above to vaiy 

K 

linearly with Ng). When [NgJ is large so much so that -j|^®[N 2 ] > 1, / will be 

indepondont of [Ng] (See the flat part of the curves of figures 2 and 3). However, 
equation (13) fiiils to explain decrease of intensity I in figures 2 and 3, 

The quenching coefficients and of bands at 3371 A and 3677 A are 
given in table 2. Their values lie in the range lO-^-lQ-® cm® /molecule-soc. 
This agrees with the quenching coefficient ( 10 "® cm® sec“i) for CN bands by 








GlKiSlI, SrIVASIAVA k SlfllRlA 


Indian J, Idiya Voluwa 44, No, ;; jj 


gOflu -iSiCU 


4000 


3&00 




'aoOD 






Figure 7. Tlie raicropliotomcicr truce of the spcclium of Ihe afterglow in N, and 0; mixture 
in llic lanpc 3O00A-S000 A 
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CHaOla moleoules obtained by Ghosh et al (1963), and that of Na(^“S»+) by N 
atoms (10-^® cm® sec-i) obtained by Krassovsky and Shefov (1962) (the quench- 
ing by molecules are expected to be larger than by atoms). 

Figure 4 shows a alight decrease in the intensities of 3371 A and 3577 A 
bands with the increase of temperature. The decrease may be due to the in- 
crease of quenching coefficient with temperature. It was also observed by 
Ghosh et al (1963). 

From the investigations carried out in this paper the following conclusions 
may be drawn. 

(1) For the excitation of second positive bands in the No afterglow, the 
presence of 0 is essential. 

(2) The quenching of second po.sitivo system by is much larger com- 
pared to that by Ng. 

(3) Like N 2 first positive bands, these bands have a small negative tem- 
perature ' coefficient. 
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An analysis of lieui transfer in fully clovelopod mhd channel flow has been presonted. 
Closed forjn solutions in case of (i) two plates at constant temperatures, and (ii) linear 
variation of teniporatui'O along tho plates, are derived for temperature, Nusselt 
number, moan-mi xod temperature and the difference between tho wall temperature 
and tho mean fluid tompeiatme. Numerical values of the Nusselt niunber and 
mean -mixed tcmiieraturo are entered m tables, whereas, others are shown graphically. 
Tho effects of different parameters m different types of channel flows have been 
discussed. 


Nomenclature 


A Temporatui e gradient 

Bq Magnetic field (applied) 

G<p Specific heat at constant pressure 
G Temperature 
G* Non-dimonsioiial temperature 
/ Total ciuTent 
1* Non-dimensional total current 
J* Non-dimensional current density 
Jz Current density 
K Thermal conductivity 
Nu Nusselt number 
M Hartmann number 
P Pressure 
Pr Prandtl number 
q Heat flux at the plates 

Q Non-dimensional heat flux 

R Resistance 
Re Reynolds number 
12* Non-dimensional resistance 


8 A non-dimensional number 
8i A non-dimensional number 
T Temperature 
Tim Mean mixed temperature 
u Velocity in a;-diroction 
Non-dimensional velocity 
Average velocity 
Vy External generator voltage 
Vg^ Non-dimensional external genera- 
tor voltage 

X Co-ordinate along the plates 
2^0 Separation between two plates 
y co-ordinate normal to the a;-axiB 
z Normal to a;y-axeB 
p density 

0 Non-dimensional temperature 
or Electrical conductivity 
y Non-dimensional transverse axis 
p Viscosity 
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1 . Introduction 

Hartmann (1937) and Hartmann & Lazarus (1937) studied the mhd channel 
flow under a transverse magnetic held. From technological point of view, the 
heat transfer aspect of such flow is important. Sutton & Sherman (19G5) studied 
this aspect under the action of the loading parameter, thus distinguishing the 
(hannol as an mhd generator, accelerator or flowmeter. The heat transfer has 
also boon studied by Siegel (1958) in open circuit mhd channel flow between 
non-conducting plates, whereas, between conducting plates, it was discussed 
iiiclopendently by Alpher (1961) and Yen (1963). Recently, Soundalgekar (1969) 
studied the heat transfer aspect of mhd channel flow between conducting walls 
and under crossed-fields. But to understand the working of the channel in the 
most general way, the external circuit must also bo considered. Such an analysis 
was recently presented by Hughes & Young (1966) who considered the circuit 
consisting of a resistance and a generator, and thus characterised the mhd channel 
How ill different ways. The heat transfer aspect of such a system has not been 
considered as yet. This provides the motivation to undertake the present study. 

Tn section 2, while presenting the mathematical analysis, two cases are 
considered : — (1) two plates at different temperatures and (2) linear variation 
of the temperature along tho plates in the direction of the flow. Following 
Hughes & Young (1966) we have derived the closed form solutions for the 
velocity, current density and total current. Using those expressions, closed 
form solutions for temperature, Nusselt number and the mean mixed tempera- 
ture arc derived in case (1) whereas, in case (2) closed form solutions for tho 
temperature, Nusselt number and tho differnce between wall temperature and 
mean temperature of the fluid are derived. Numerical values of Nusselt number 
in cases 1 and 2 and for the moan mixed temperature in case 1 arc entered in 
tables 1 to 3, whereas, other physical quantities are shown on graphs 

In section 3, conclusions are set out, 

2. Mathematical Analysis 

Here the ^-axis is taken along the centre-line of the channel in the direc- 
tion of the flow and 2/-axis is chosen normal to the x-axis. Tho magnetic field 
IS assninod to be applied parallel to the j^-axis. The external circuit is given 
•n liguro la. 

Under these conditions, following Hughes & Young (1966), the expressions 
for the velocity and the current density for fully developed flow can be derived 
follows : 


,, oothAf 1-cosh Jlfiy 

“ “ M ' Jf ooth Jf ■ ooshjtf 


... ( 1 ) 
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I* - _ 


cosh Mri+l, 

fliiih M 


... (2) 

R*~\-M coth M 


... (2a) 

VoC 







Figure ]a The complelo electrical circuit. 

where ilie physical quantities are defined in non-dimensional form as follows : 

n 

. . m • /i"!' 


4e ^ y 


'{ZJ2(rXf,yo) ’ 


, V* = - 


I* = 


I 






... (3) 




All the physical variables are defined in Nomenclature. 

4. The Energy Equation _ 

Here wo consider two cases : 

(1 ) Two plates at different temperatures 

(2) Temperature varying linearly along the plates. 

Case (1) : 

The energy equation for the fully developed flow is now given by 
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Figure 3. Temperature profiles ; (open Figure 4 Temperature profiles ; 

circuit case) ^14 = 2. Jkf=2, i?* — J14/tanh Jlf. 


}iave deHcribod in short the iiiterostiug case of maximum power transfer between 
the external circuit and the flow device. The condition for this case as derived 
M 

by them is that R* = 


The rate of heat transfer expressed in terms of the Nusselt number is given 
by (Hughes & Young 1966) 




1 

d^—0^ 



( 10 ) 


From (9) and (10) we get, 


2A^ sinh 2Jf-|- 


2(J*-1) 




The numerical values of Nu are entered in table 1. The bulk mean tem- 
perature is defined as 

1 

J u*dd7i 

Tim = r -(12) 


Substituting for u* and 0 from (3) and (9) respectively and simplifying, we obtain 
. . / sinh M x , 2(/*— 1) f « , o 3sjnh 2if . , 1 

. +A,i 2 ooHh 2M cosh Jf ^ 

rp __ ^1T3__ A 3j!f ' 

tm 2 ■ ■ “ ‘ ■■ 2(1 '( jf cHar^Bia^MT 

Jlf*(JJ*sinh JM'+Jf cosh M) 


... ( 13 ) 
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Table 1- Values of Nusselt number(equation 11) 



2 6-4 

—2 
0 
2 
4 

10 -4 

-2 
0 
2 
4 

4 5—4 

0 

2 

4 

M -4 

A Tf* _ _ 

taiihJU -2 
0 
2 
4 

2 I{*-¥ao 

(open circuit 

case) 

4 


— 16.4304 

— 31.3609 

- 9.6416 

— 19.7832 

— 6.6066 

— 13.6112 

— 6.0225 

— 12.6449 

— 8.1922 

— 16.8843 

— 11.1074 

—22.7149 

— 8.6804 

— 17.8607 

— 7.1640 

— 14.8280 

— 6.6683 

-13.6166 

— 6.8633 

— 14.2266 

— 483 

— 966 

— 323 

— 647 

-214 

— 430 

-166 

— 313 

-148 

--297 

9.3963 

18.2926 

8.1488 

16,7976 

6 6614 

12.8020 

6.9043 

9 3086 

2 9073 

6.3147 

— 8.1617 

-16.8033 


-263 —528 


82.3609 

16.4304 

20.7832 

10.6416 

14.6112 

7.6066 

13.5449 

7.0225 

17.8843 

9.1922 

23.7149 

12.1074 

18.8607 

9.6804 

16.8280 

8.1640 

14.6166 

7.6583 

15.2266 

7.8633 

967 

484 

648 

324 

431 

216 

314 

167 

298 

149 

-17.2926 

- 8.3963 

-14.7976 

- 7 1488 

-11.8029 

~ 6.6615 

- 8.3086 

- 3.9043 

— 4.3147 

- 1.9073 

17.8033 

9.1617 


284 264 


The immerieal value of Tt 


S1+O2 

m 


are entered in table 2 for all cases. 


Table 2. Values of (equation 13), 

2 


M 


— 4 

-2 

0 

2 

4 

2 

6 

44 

33 

26 

20 

17 


10 

36 

31 

26 

23 

20 

4 

6 

343 

260 

183 

141 

124 


10 

284 

233 

193 

163 

143 

2 

Jlf/tanh M 

27.67 

19.72 

12.25 

5.2716 

— 1.2324 

4 

M|tanli M 

76 

61 

47 

34 

21 


open circuit 
case 

M 



lim 2 ^ 




2 



25 




4 
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Case 2 : 

The temperature is now assumed to be varying linearly along the walls 
of the ckanuol. This situation is then governed by the following energy equation 


^ dT , /du\2 , 

pGpu +- 


... (14) 


The linear variation of temperature along the walls is represented by 

T = Ax-]-G{y) ...(15) 

Hence equation (14) in view of (15) and (3) reduces to the following non-dimen- 
sional form : 

whore 


= 


Re — 


f>v^\ y_i_ I ,o _ 


(IGa) 


S ™ Pr Re S^. 

If the fluid and tlie walls are assumed to be at the same temj)erature, then 
the boundary conditions are 

6?*=:0 at (17) 

Hence the solution of (16), subject to the condition (17) is 

— -|-2i42 j (cosh cosh M) 

(cosh cosh 2ilf) 


... (18) 



Temperature profiles, Figure 8, Temperatui*e profiles, 

4, iJ# = 10, Vg* ^ 4 i?* tanli/Jlf 
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The rate of heat transfer expressed in terms of the Nusselt number is 
defined as 



Hence from (18) and (19) we obtain, 

^ +2AiM ] sinh sinh 2Jlf 


- { +~ {AJ-A,^-2) ) ] 
[ + (cosh 2M-1) 


The numerical values of Nu under different conditions are entered in table 3 

Knowing w* and J* from (1) and (2) respectively, the mean ■ temperature 
gradient A is found by considering the overall heat balance for a differential 
length of the channel as 

2/or /du\2 , ^2*1, 

A =J1 - (21) 

dx dx iJq Va p Gp 


where Va is the average velocity and q is the heat flux at the plates. Hence by 
virtue of (3) and (16a), (21) reduces to the following non-rlimensional form 

« = 0+ f [ £ +J*“1 -(22) 

0 

where 



Substituting for w* and J* from (1) and (3) respectively, in (22) we obtain after 
simplification 


S = Q+ sinh sinh Jf+1 


... (2S) 
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From the practical point of view, it is important to know the variation of the 
difference between wall temperature and the mean temperature which is given 

by 

Vo 

| T(x,y)u[y)dy 
“ -3/o 


yo 

-Vo 

By virtue of (3) and (16a), (24) reduces to the following 

= -U 

where 


... (24) 


... (25) 


iT —.T \* = 

Substituting for 0* and u* from (18) and (1), respectively, in (25), carrying 
out the integration, we obtain 






]lfBinhif(i2 +Mooth if) [ 2if*‘*"^^‘* ) cosh if 

2 / „if2+2 , ^ \ ^ „ 2if— Binh2if 


2if 


where 


— ^ 2ifH-2 sinh M cosh 2if) j 
B, = 2 ) . 


B - 4.2A B - 

■°a — ^8— g » 


D, = ( +24^ ) cosh M+ I eoBh 2Jf 


-1 


1 r AoS cosh if 


M 




(26) 
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{T^—Tm)* is calculated from (26) in two different ways. The effects of JIf , jR*, 
V^* and S have been conisidorod and they have been shown in figure 9-11 and 



Figure 9. Temperature profiles, (open circuit case) 




Piguro U, vs r,* ; S* = Jtf/tanh M. 
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it is denoted by {Tm—TJ*s. In figures 12-16 the effects of M, E*, F/ and Q 
on (Tw—Tfn)* have been shown and it is denoted now by 2 w)*q. In this 
case the expression (23) for S is substituted in (25) and calculations are carried 
out for different values of Q. 



Figure 12. (open-circuit case) Figure 13. {Tn'-Tto)Q* vs Vg* \ 

{Tm — Tio)s* vs M, B* 10, Q = 2 



Figure 14- w Fj*; Figure 15. {Tm-T,g)Q* vs Vg* ; 

Af = 4. g 4 Q = 2,R* = M/tanh Af. 

3. Conclusions 

Now the mhd channel flow described here is characterised as follow's : 

1 . For Vg* = 0 and dpjdx negative, the fluid is flowing in the a:-direction 
aad hence the electric power is flowing into the external circuit provided E* ^ 0 
or 00 . Such a device is known as a mhd generator. 
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2 For dpjdx negative, the fluid is pumped in the jc-direotion if Vg* > 0 
and hence the device is called an mhd accelerator. If 7^* < 0, then the electro- 
magnetic body force, duo to Vg*, opposes the flow in the positive a;*direction and 
the flow in such a case is called a decelerated flow. In case of an mhd accelera- 
tor, H* may be interpreted as the internal resistance of the power source. 

3. E*-> 00 corresponds to an open circuit channel flow, whereas, for 
E* = 0 and Vg* = 0 corresponds to a short circuit case. 

4. In case of an mhd generator, there is an interesting case of the maximum 
transfer of electrical power. The condition for this case, as derived by Hughes 
and Young (1966), is that E* = M/tanh M. 

With these physical interpretations of the different parameters, in the 
problem, we have following conclusions in the two oases : 


Case (1) : 

In this case, the numerical values of the difference between the fluid tem- 
perature and the mean of the two wall temperatures is plotted under different 
conditions. Also in this case, is half the difference betv'een the two wall 
temperatures and is positive when the temperature of the upper wall is greater 

than that of the lower wall and is negative the other way. In figure 1, the effects 

« 

/ 0 j Q V 

of the internal resistance in the case of an mhd accelerator on ( .9— — ) is 

\ 2 / 

shown. It is interest'ing to note here that^ 6— is maximum when 


E* — 0, i.e., when the internal resistance of the power source is zero. But for 
E* > 0, an increase in E* leads to an increase in the value of . In 

figure 2, the effects of Vg* and on j are shown. We conclude 


hero that for constant the temperature is less in case of accelerated flow than 


that in decelerated flow. 


Moreover, as Vg* decreases, ^ 0— increases. 


Regarding the effects of the temperature profiles are symmetrical when both 
the walls are at equal temperatures. But for negative, i.e., when the tem- 
perature of the lower wall is greater than that of the upper wall, the symmetry 
is distorted and the temperature profiles are deflected towards the wall of higher 
temperature, which is so because the temperature of the fluid near the wall of 
higher temperature increases. Figure 4 gives the interesting result which is 
completely different from the earlier cases. It shows the behaviour of the fluid 
temperature when there is a maximum transfer of electrical power. In an mhd 

generator, or accelerator the value of j is found to be negative for all 
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Ti, from which we can conclude that the temperature of the fluid, at this stage, 
is less than the mean temperature of the walls. 

Case 2 : 

In figure 6, the effects of M and R* on the temperature profiles arc shown. 
We observe that an increase in M leads to an increase in the G*, when S, R* 
and Vg* are constant. However, in this cjaso, an increase in R*, the internal 
resistance of the power source, leads to a decrease in 0* when M, S and Vg* are 
constant. From figure G, we observe that temperature in case of an accelerated 
flow is greater than that in case of decelerated flow. From figure 7, we conclude 
that an increase in S leads to a decrca-se in Q* when ilf, R* and Vg* are constant. 
Figure 8 shows the temperature profiles when 7?* — JIf/tanh Jf. The effects 
of M, S and F/ are the same as before. Tn opon-circuit case, an increase 
m M leads to an increase in G*. 

Figures 10 to 16 are particularly important from practical point of view 
for they show the variation of the difference between the mean temperature 



and the wall temperatures under different conditions. From figure 10, wo con- 
clude that {Tm~T„)*s increases with increasing Vg* in case of an accelerated 
How, whereas, it decreases with increasing V*g in case of a decelerated flow. An 
increase in M leads to an increase in (Tm—T„)*s when R* and S are constant. 
But an increase in R* leads to a decrease in ^ increase in S 

leads to a decrease in {Ttn—T„)*S’ figure 11, the values of {Tm—^w)^s, in 
<'-a8e of R* Jlf/tanh M are plotted against Vg*. (Tm~Tw)*s behaves in the 
same manner as described above for figure 10, In open-circuit case also, the 
effects of M and S on are the same as those shown in figure 10. 

In figures 13 to 16, the values of are plotted. We observe 

here also that the effects of M, R*, Vg* are tlie Same as described above in 
case of figures 10 to 12. 
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Case (1) ; 

1 . From tabic 1 we conclude that (a) an increase in Ti leads to a decrease 
in the value of the Nusselt number. But the rate of heat transfer is less when 
the temperature of the lower wall is greater than that of the upper wall; (b) Nu 
increases with increasing Vg* or M; (c) in case of an mhd generator, i?* is the 
external resistance, whereas, 72* is the internal resistance of the power source 
in case of an mhd accelerator. Hence an increase in 72* leads to an increase 
in Nu when M, are constant. 

2. From equation 13 and table 2 we conclude that the mean mixed tem- 
perature is not affected by the temperature difference of the plates. In case of 
an mhd generator the mean mixed temperature increases with increasing 72*. 
In accelerated flow, the mean mixed temperature increases with increasing 72*, 
the rosi.stanco of the internal power soui-co, whereas, in decelerated flow, it decreases 
with increasing 72*. An increase in M always leads to an increase in the mean 
mixed temperature. 

Case (2) (table 3) : 

An increase in S, leads to an increase in the Nusselt number in case of an 
mhd generator and accelerator, whereas, in an mhd decelerating flow, an increase 


Vable 3. Values of Nusselt number (equation 20). 


M 

B* 

SIVg* 

— 4 

-2 

0 

2 

4 

2 

6 

0 

7.3315 

6.6797 

3.0841 

2.7895 

2.0669 



0.2 

7 1920 

6 8447 

3 1869 

2.8499 

3.0169 



0 4 

7.0592 

6 0236 

3.3031 

2.9172 

3.0721 


10 

0 

6.5502 

4.6354 

3 3809 

2 9819 

2.9422 



0 2 

G.7168 

4 8622 

3.5133 

3.0683 

3.0106 



0.4 

6.8931 

5 1028 

3.6673 

3.1666 

3 0860 

4 

5 

0 

6.4262 

4.7272 

3.2647 

2.7116 

2.9662 



0.2 

6 4048 

4 7239 

3.2697 

2.7182 

2,9753 



0.4 

6 3866 

4.7207 

3 2749 

2.7249 

2.9860 


10 

0 

6.4307 

4.3681 

3.4971 

3.0131 

2.9141 



0.2 

6 4246 

4.3609 

3 60.39 

3.0211 

2.9233 



0.4 

6.4184 

4.3637 

3.6109 

3.0203 

2.9327 

2 

M/tanh M 

0 

6 2966 

7 0330 

2 6099 

2.7540 

3 1384 



0 2 

6.1291 

6 8926 

2 6681 

2. 7968 ‘ 

3.1766 



0 4 

6 9733 

6.7593 

2.7336 

2.8429 

3.2167 

4 


0 

6.7425 

4.8721 

3.1862 

2.6420 

3.0473 



0.2 

6.7169 

4.8666 

3 1907 

2.0484 

3.0581 



0.4 

6.6896 

4.8608 

3.1963 

2.6647 

3.0691 


open ciruuit case 


0 3.8063 
0.2 3 9838 
0.4 4.1922 
0 3.9373 
0 2 3.9480 
0.4 3.9688 


4 
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in ^S' loads to a decrease in Nu when is small and is large, but foj“ larges 
R*, Nu increases with increasing iS. Nu also increases with increasing IS iji 
open-cJrcuit case. 
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Modular spark chamber 
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In iliiri paper Uio construction and operation of throe diflerent types of spark chambors 
arc (Joscuhod In particular, the operations of the modular spark chamber with 
ttigon and neon fillings at various pressures lower than one atmosphere are aiittlysed. 

Introduction 

DuT'ing tho last few years spark chambers have been developed with subsequent 
sophistications as a detector of charged particles. Spark chambers have the 
unique property of simplicity of operation coupled with the visual manifestation 
of the path of the charged particles In this laboratory, so long the charged 
particles were studied with the help of Wilson’s cloud chamber and neon tube 
hndoKScope, Now a modular spark chamber has been developed, experimenting 
from tho primary stage This spark chamber has the special feature of simpli- 
city of construction and of operation. ' 

Spark Chamrers 

Before this modular spark chamber was develofied, two other spark cliambcrs 
were made in our laboratory with different variable spark gaps and thicknesses 
of the electrodes. The spark chambers can be constructed without tho help 
of any sophisticated mechanical workshop. 

The electrodes ol the first spark chamber were made of aluminium sheets of 
thickness 0-3 inm and individual electrodes were kept apart from one another 
with the help of perspex spacers. The spark gaps of this 4-gap spark chamber 
were 6*0 mm and the sensitive area was 117 sq cm. Each pair of two electrodes 
of same potential were placed facing each other and were kept insulated from 
each other to facilitate tho application of different potentials at different spark 
gaps and also for connecting different condenser banks to different spark gaps 
The primary difficulty in constructing a spark chamber arises from extrane- 
ous sparking at the edges of the electrodes at relatively lower voltages because 
of sharpness and consequent production of high electric fields at the edges of 
the electrodes. This difficulty was circumvented by turning the edges of the 
electrodes in the form of spirals; the spirals being away from the electrodes with 
opposite potentials (figure 1, plates 7). 

* Present address : Deijartmont of Radiotherapy, Medical College Hospitals, Cal.-l2. 
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Out of the four sharp edges of the aluminium electrodes the extraneous 
aparking at two edges, parallel to the axis of the camera, were avoided by this 
method and the extraneous sparking at voltages, relatively lower than the operat- 
ing voltage, at two other odges, perpendicular to the axis of the camera, were 
avoided by placing the electrodes of opposite potentials in criss-cross manner 
and thereby increasing the distances between the edges. The electrodes were 
of rectangular shape and the broad-sides of the earthed electrodes were placed 
facing the long-sides of the high-potential electrodes. In figure 1 (plates 7) this 
arrangemont has been shown. The reflection from the glazing aluminium 
surfaces was avoided by painting the surfaces with a conducting black paint, 
taking care that no sharp point is formed thereby. The schematic diagram in 
figure 2 shows the dimensions of the spark chamber. 



FRONT VIEW 

Figube 2. The Schematic diagram of Spark Chamber — Model 1. 


The whole assembly of tliis 4-gap spark chamber was placed within an air- 
tight perspex box, the electrical feedthrough being sealed at the sides of the 
box, Two nozzles were fitted at two opposite corners of the box for the 
inlet and outlet of gases. The photography was done from ouside this 
transparent box. 

The spark chamber was run first with air inside it and next the air was 
completely flushed out with argon tlirougli the inlet, keeping the outlet open dur- 
ing I'eplacement, and the spark chamber was closed, with argon at atmospheric 
pressure. 

The variations of the threshold voltage (t.e., where the spark appears only 
in case of passage of heavily ionizing particles) and the breakdown voltage {i.e. 
where the sparking takes place even without the passage of ionizing particles 
through the sensitive area of the chamber) due to the nature of the gas within 
the chamber have been studied and the results are given in table 1 . The w^orking 
voltage lies in between threshold and working voltages. 
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To study the effect of clearing field, potentials of the order of 46 volts and 
90 volts wore applied in between each pair of opposite electrodes and in opposi- 
tioii to the liigh-voltago i)uls 0 s from a 5022 hydrogen thyratron. The results 
of these experiments are also incorporated in table 1. 


Table 1 

(Spark gap ~ 6.0 mm) 


Oaa in 

cluiinbor 

Clearing 
fiold, volts 

Throahold 
voltage, IcV 

Breakdown 
voltage, kV 

Air 

0 

a . 9 

9.3 


46 

9 1 

9.6 


90 

9 1 

9.6 

Argon 

0 

a. 2 

8.7 


46 

8.2 

8.9 


90 

8.2 

8.9 


Table 1 shows that the doubling of the clearing field from 45 V to 90 V Ijas 
no effect either on the threshold or on the breakdown voltages. 

To facilitate the variations of spark gaps and for shortening the space lost 
due to the spiral formations of the electrodes at the edges, the second sparlc 
chamber (Model 2) was constructed with a different design. The electrodes, 
a.s before, were made of aluminium and were of thickness 0*55 mm. The sensitive 
area of the chamhor was 175 -5 sq t;m. The perspex spacers were replaced with 
glass spacers in the form of tubes and rods. By punching holes at the four 
corners of the electrodes, these were slided down the glass rods fixed at four 
corners of the base plate and the spacings in between the electrodes were main- 
tained by sliding glass tubes down the glass rods. The spark gaps could easily 
be varied by changing the lengths of these glass tubes. The spiral form at the 
edges of the electrodes was changed to an U-shaped bend with the "ends bent in- 
wards (figure 3— plate 7). 

In this case also the whole assembly was placed within an air-tight perspex 
box and experiments performed by filling the chamber with air and argon, liie 
results of these experiments are given in table 2. The effects of varying the clear- 
ing field are also shown in this table. These results are for the corresponding 
spark gap of 3-0 mm. 

The gaps in between the electrodes of same potential can be properly utiliz- 
ed for placing in required absorbers for different experiments. 
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Table 2 

(Spark gap = 3,0 mm) 


Cas in 

Clearing 

Threshold 

Breakdown 

chamber 

field, volfca 

voltage, kV 

voltage, kV 


0 

6.7 

6.4 


45 

6 1 

6.4 

argon 

0 

6.0 

5.9 


45 

6.3 

6.1 



FiauiiTE 4 Seheraatjc Diagram of the ciicuit. 


Both the abov^e two spark chambers were triggered by charged particles 
colliniatod by tlireo CJM- counters. The schematic diagram in figure 4 shows 
tlie circuit used for the operation of these spark chambers. The coincidence 
])iilscs fiom three GM-counters were fed into the grid of an EFP60 tube giving 
rise to a 100 V positive pulse at the cathode of tlic EKP60 and these high-voltage 
pulses Avere fed in their turn into the grid of the 5022 hydrogen thyratron operat- 
ing at potentials upto 15 kV. The super-high voltage pulses from tlic hydrogen 
tliyrati on wore communicated to tho high potential elect rodes of the spark 
chambers. 

MoDULAB SpABK CilAMBEB 

in the next phase of development we have made a 4- gap modular spark 
cliainbor of spark gaps 12-4 uiin. To avoid the non-uniformity of spark gaps 
du(} to the sagging in case of very tliin electrodes, we have used aluminium plates 
of thickness 1-4 mm for intermediate electrodes and tho two end electrodes were 
mad(^ out of thicker aluminium plates of thickness 3-4 mm. The end electrodes 
were made out of thicker plates since these are to withstand the atmospheric 
pressure when the chamber is evacuated with a vacuum pump to fill it up with 
argon or noon The aluminium plates were glned to either sides of perspex frames, 
made hy grooving out the central region from perspex sheets of thickness 12-4 mm 
The edges of tho electrodes were kept protniding outside in air (figure 5 — plate 7). 
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When the spark chamber is filled with argon or neon the extremities of the 
electrodes remain in air and since in case of argon or neon the worldng voltages 
are much lower than the corresponding working voltages for air for a particular 
spark gap, there is no possibility of edge effects. 

The individual compartments of the 4-gap spark hamber were inter- 
connected by making small holes in the intermediate electrodes. Since making 
of holes can give rise to effect, similar to edge effect, because of sharpness around 
the edges of the holes, the holes were made funnel shaped (figure 6). A glass 
nozzle was sealed through the side of the last compartment to draw out the air 
and to fill it up subsequently with argon or neon. 

yy/Tric////// ' 

fc’iauBE 0. Interconnection between chamber gaps. 

The same triggering arrangement and operating circuits which have been 
used in case of operation of the fir.st two spark chambers have also been utilized 
for the operation of this modular spark chamber. The tracks of charged particles 
(//, -mesons) recorded by this ohambor are sufficiently sharp for analysis. Since, 
as triggering particle collimated cosmic-ray beam has been used, the resolution 
of the chamber has not been needed to be improved with the help of clearing 
field. 


Preshuue — Voltage Relation 

The dependence of optimum working voltage on pressure of argon within 
the spark chamber has been .studied and the results are shown by the corres- 
ponding curve ill figure 7. 



FiGimE 7. Working voltage dependence on ProBsure of gas in the chamber. 
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rigiiie 1- Spark chainbei— Model 1. 



Figure 3 Spaik cliani her —Model 2 
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It is observed that in the range of 10 cm to 75 cm of Hg pressure the curve 
follows the following quadratic equation : — 

r = 3-76-1-1-69 x10~iZ-7-7x10-4Z2 ... (1) 

At lower pressure, about 4 cm of Hg the sparking phenomenon changed 
into the low pressure discharge phenomenon. It shows that the minimum 
pressure for the working of the argon-filled spark chamber lies in betv^een 4 and 
10 cm of Hg pressure. The construction of this particular modular spark chamber 
did not permit us to study the dependence of working voltage on pressures of 
argon higher than the atmospheric pressure. But there is no ground to expect 
Uio curve in figure 7 to deviate from its nature at pressures above one atmosiihero. 

The modular spark chamber was next filled up with pure neon and the 
dependence of optimum working voltage on pressure was studied and the results 
were plotted in the corresponding curve in figure 7 for neon. The curve for 
neon follows the following quadratic equation : — 

y = 1 •5424-3 006 X 10-2 Z-7-845xl0-'5Z^ ... (2) 

The curve for neon lies much below the corresponding curve for argon, 
.showing that the working voltage required for neon-filled chambers are much 
lower than argon-filled chambers. 
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Unsteady hydromagnetic free convection past a 
vertical flat plate 
B37 loAN Bop 

Univarfsihj of Cluj, Cluj, CP 109, Roumania 
{Received, 17 February 1970) 

An mv(\s(,igLiU()ii ot ilio unstoady boundary layer ec|uationa for an elec trio ally oon- 
rUu-t/ri{? tluid a Honn-i„/inite vortical flat plato in th(^ pieaenoo of a uniform trans- ; 
vi^iHo magiifd,io fiold baa been rained out when the iilato terapemiuro vanes suddenly ' 
Jii tmio. EAprcHHions for the velocity and tomporatiuo distributions have been cal- \ 
ciliated m the nomdimensional forms. It is found that the skin friction decreases 
with laci'oasna m magnetic field. 

1. Introduction 

llie probldiu of steady liydroniagiietic free couvcction flow past a semi-infinite 
vertical flat plate has atti acted the attention of many research worhers for many 
years, due to its wide applications in iiiodoni teelmology, and a numhei' of theore- 
tical and experimental results have been obtained by Mori (1S59). Sparrow & 
Cess (I9fil), Gupta (1962a), Lykoudis (1902), Gupta & Suryaprakasaract (1965) 
and D’Sa (1967). Moreover, this problem is easily amenable to experiment in a 
laboratory. However, the two dimensional unsteady liydromagnotic free oon- 
veotion boundary layer flow pa.st a semi-infinite vertical flat plate has received 
considerably less attention. To tho linowledgc of author, tlie only paper to be 
duo to Gupta (1900b), who applied the method of characteristics to study tho 
effect of horizontal magnetic field on two dimensional unsteady laminar fi eo 
convection flow past a vortical flat plate undergoing a stepwise change in tem- 
perature, has been published so far. Hence the present paper is devoted to a 
study of tho influence of uniform magnetic field in tho boundary layer flow past 
a vertical flat plate when tho plate temperature varies suddenly in time. For 
solving this problem the method of similarity is apphed which has its physical 
meaning m oonneetion with tlie process of forming the boundary layer. The 
analysis in tho present investigation is confined to low magnetic Reynolds number 
so that the induced magnetic field is negligible in eomparison with the imposed 


2. Fundamental Equations 

OonsMer a semi-infinite vertical flat plate with ^-axis along the plate 
measured from the leading edge in the direction against the gravity and y-axis 
. ‘ it. Tho plate is immersed in an electrically conducting fluid and a 
umform magnetic field is applied along the j,-axis. Then assuming that the 
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magiioUc field induced by the motion can be neglected, the dimensionless equations 
governing the unsteady boundary layer equations are 


du , dv 
dx ^ dy 


-=0, 


Ou I du , du 
dt ^ dx ^ dy 


■■ 2M- 


d^ 

dy'^ 


~Nu, 


... (1) 


dT , dT , dT 1 d^T 

dt ^ dx ^ dy Pr dif 

Here u and v are the velocity comj)onents in the x and y directions rcspec- 
tiv(ily, t the time A^ariable, T the temperature variable, Pr the Prandtl number 
and N — aB^H^Ivp the interaction parameter. It is uoteil that the usual assump- 
tions for free conv'ecLion of constant properties except slight changes in density 
and negligible viscous dissiiiation are hero retained. Tlio coricsponding bouiidaiy 
oojiditions are 


y -- 0 u — 0 — 0 T — 

y-^oo 'a— ►O T 0 


... ( 2 ) 


wlicro Ti(,(x) is a yet uuspeciliod function ol x. 

3. SoLDTioNS OP Equations 

Jf the surface temperature is established impulsively, the initial motion is 
described by a balance between the viscous term and the time derivative. Define 

V ^ , T{r — 2^/tf{x, 7/, 0, V ~ yl^V^> (3) 


whence, ])rovidod Pr = 1, we get 

A solution to equations (4) is sought in the form 
T = Tq{x, y)+2\{x, 

f = 7/)«+Pi(;r, v)t^+Fz{x, ■ 

"i’hc and satisfy the equations 

^ 0/;i;“h2^Poii ~ 9, 
ontni~^^V^oiiii 4Fq,i — 47*01 

^ — 87*1 = 4(Poij^Oa: .^05s^0ij)> 

^innn = 4NF(^,ij 

= 4NF^,+H-T^^~Fo,,Fo,,,-Fo,F,J, 


... (4) 


... ( 6 ) 


... ( 6 ) 
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li'or solving (6), 

we take 


T„ - 

F, = 7'«,fo(7). - 2’u.^ OAv), 


J-i = Tu^xiV), 

F 2 = Td2Av)+Tj‘l^ UV), 

(7) 

that 



2)j0'„ =- 0, 

fo"'+25?S,'-4£„' = 



0," \-2v0^'-»0, = 4(ro«„-?„0'„), ^r+2vCi-H\ = m'o, 
r'ii+27;r2i-i2C'.i = m\, 

r^+2v^\»-l^^'22 = 4{-0iPfV-ao"). 

which satisfy the following boundary conditions 

71^0. 0,^1, ^1-0, Ci = Ci^0, 

(9) 

7j — ► 00 . Off 0, ^1 — ► 0, — > 0. 

Here the dashes denote differentiation with respect to ?/ The solutions of (8) 
subjected to (9) are (Hop, 1969a, b) 

(9„(^) ^ erfc ?; = J dy, 

V'sr II 

io'iv) = -2r/'‘ erfc i; 

OAn) = i/‘orfo»J7+^[(47+5»/’)e-’’' + j 

£'i(?) = — |- ofro 71+ N(27i^-7i)e-'>'‘, _ ... (10) 

erfc )/+ (2)/'>-7»+ -I-?) e-’’, 

erfc7] + [ ^+®-;|2+l,i+.|.,»j orfo“5+ | l + 4,s+ 
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]orfc,+ 

CONCLTTSION 

Now if we confiidor that the surface temperature is directly proportional 
to a power of x (Kellehor & Yang 1968) i.e , T^, ^ ;e" then the skin friction 
at the plate can bo Avritten, for w — 1, as 

^jr\ l^*f 

- -- ii^2_o-166JVi»/2H-(0-033 jV2_|_().oi4)^Dy2 gi) 


The numerical results of (11) at different times and hydromagnetic para- 
meters N are presented in the table 1 below. It is found that the skin friction 

Table 1. 


N 



0 

1 

1 5 


0 1 

0.3160 

0.3109 

0.3080 

0.3059 

0 26 

0 5004 

0.4807 

0.4716 

0.4636 

0.4 

0 6334 

0.5938 

0.5779 

0.6628 

0.8 

0.8989 

0.7994 

0.7436 

0.7376 


(IccrcaseH as the magnetic field increases. Physically this is due to the fact that 
Ilje magnetic field exerts a retarding influence on the motion of the fluid which 
implies a reduction in the velocity gradient at the plate and consequently the 
skin friction is reduced. 

In interpreting the results obtained in this paper, it should be borne in 
inintl that the theory is valid for small times. 
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E2 transition probabilities in even nuclei 
M »S IUjput and a. Adoustiiy 
Deparlmeiit of Physics, Aligaih Muslim University 
Aligarh {U.P.), India 

{Received 19 December 1909 — Revised 31 March 1970) 

E 2 transjtion pi obabilitips ftii* 2^' 0+ giound atato iraiiHitions of ovoii-evon doformod 

mirloi havo Imon falniilalod u-siii" Dav'oydov and liosl.ovHkv (DH) ostiinatos. Tho 
pjodicijona of thin inotlol have ber-n ooinpaiud with tho oxponmontal data. From 
this eoinjiariHon, it has boon found that tho Dll oatnnatnH aio cloaor to tho oxpon- 

, , , B(K^)oyi\:i , 7i(yt'i.)(*xp ,, 

riiontal ratoa. Tho variations o( I ho ratio-Sj^^j^ and g(ji;;),sp noimxiality 

paramotor ‘yo’ of Davydov and Filippov theory which is a nv'asuro of the degree ol 
dopailuro fiom tho axial symmotiy, have boon .studied. 


Introdfctton 

Systcmatics of transition probahiliiios for 2"^— ► 0 ' ground state transitiimR 
in evon-evon deformed nuclei in tlio mass region 150 ^ A ^ 200 and A > 230 
have been studied by several authors. No delinito correlation has been found 
between the exjierimciital and theoretical transition probabilities Several 
attempts by Alder ei al (1956), Coleman (1957), McGowan & Stelson (1901), 
Curio (1962), Kajput & Schgal (1967), Schwarzchild (1966) and Rajput (1970) 
have been made to explain the fastness of these transitions. The various models 
proposed to explain tho fastness ol’ tlie.se transitions have confirmed their eollectivo 
behaviour. The most goiicrallv used single particle model predictions have 
shown that the experi mental transition probabilities are larger by a factor 
ranging from 30 to 300 in the aliovc mass region Tn this work wo liavo studied 
tbe variations of tlie ratios of experimental transition probabilities to those 
theoretically calculated on the basis of the single particle, (Blatl & Weiskopf 
1952) as well as the noiiaxial collective models (Davydov & Rostovsky 1904), 
with the noriaxiality parameter of Davydov and Filippov theory (1958). 
Davydov and Fillippov have suggested a model for deformed nuclei in whicli 
they assume that tho rotation of the nucleus takes place without change of fhc 
intiinsic slate. The eijuililinum shape of the nucleus is like a triaxial cllipsoiil 
and is determined by the two parameters /?(, and where /?q is the deforma- 
tion parameter and y^^ is the iiouaxiality parameter. When there is a devia- 
tion from axial symmetry, it lowers one of the piliicipal moments of inertia and 
incT'eases the other The nucleus rotates about the axis with the largest moment 
of inertia. 


198 



199 


transition probabilities in even nuclei 

Davydov and Rostovsky (19G4) have treated the problem of collective 
excitations by taking into account the interactions of rotations with ft and y vibra- 
tions. Tlie excited states generated in rotation duo to the quadriipolc vibrations 
of the nuclear surface are called y vibrations. When the nucleus passes into tlie 
excited states, the shape of the nucleus changes. This increase in deformation 
jucroasos the moment of inertia and hence causes the (jeutrifugal stretching. 
iSiich vibrations are called /?- vibrations. 


Calculation oip Transition Probabtlitiiss 


Davydov and Rostovsky (1964) have derived tin* cxpiessions for the E,^ 
transition probaliilitios from one c;ollcctiv(' state i,o tlie othoj' in terms of the 
usual parameters of DF theory (Dav\dov & Fillippov lOoS)). The reduced 
transition probability for transitions from the ground state to the first 2-' 
state of ground state rotational band is given by. 



B{Ei, 0+-> 21-)=: 

/i„l Wi_.21p 

U-m P »S'M 

- (1) 

here 

~ V5n 

... (2) = 

.. (3) 


q ^ y 
^9n 

... (1) and ^ 1 2 X J 0"^^ X cm . 

.. (6) 


Hero is the energy of 2'* state of ground state rokit ional band, Cgjj the energy 
ol 2+- stalte of the y- vibrational band and Gq/j is the energj'^ of 0+ state of the P- 
vibrational band, is the deformation parameter The effective values of 
these ]iaraiiioters have boon calculated from tlie exxieiimentally measured energy 
Icvads, The equilibrium deformations /?y usotl in the calculations were taken 
from the work of Bes & Szjunauski (1961) corrected by Marshaok & Rasmussen 
(Ulfril). Their values wmro obtained using Nilson levels and including pairing 
coiTolations and arc m good agreement with experimental ones Using these 
ri'lations the transition probabiJities have been calculated in 26 cases The single 
liarticle reduced transition probabilities B(E.y 0'‘->2^)^,p liave been calculated 
using the relation 

B(E^, 2 1-) e^x 10-*^“ cm^ ... (6) 

The experimental transition probabilities have boon compiled from Nuclear 
Data (1965). In some cases, the transition jirobabilities have been calculated 
Irom measurements where direct moasurements are not available. 
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Results ai^d Discussion 

Tablo ] gives the values of the parameters used in the calculations. The 
column 7 gives the values of transiion probabilities calculated using equation 1. 
Wo define the factoi'S Fdh as follows ; 

B{E^) oxp 


, B{E.^ exp 

B{E^)SP 


Alder d al (105G) studied the systematics of E.^ transition iH'obabilities and 
pointed out that the interactions of the rotational and vibrational bands ai*e 
responsible for tlu^ (mhancement of these probabilities. Nathan & 
Nilson (1965) furtlier emphasized the ocourroiice of collective vibrations and their 

B{E,) oxp 


relation with shell structure. The ratio 


being always greater than 1, 


B{E.)FF 

oonfirins the fact that the first 2^ states are largely collective Several attempts 
(Alder e^ al 1950, Coleman 1967, McGowan & Stelson 1901 and Curie 1962) have 
been mad(5 to explain the collective biihaviour of these transitions No definite 
correlation was found between the experimental data and the propq^jcd 
systematics. Rajput & 8ehgal (1967) found that the enhancement factors of the 
/?2 transitions for 2 i- to 0+ state decreases gradually with the increase in the value 
of non-axiality parameter yg of Davydov & h'ilhppov (1958) theory. Davydov 
& Rostovsky (1904) have reviewed the DF theory and calculated the transition 
probabilities taking into account fully the collective excitations of all types. 


Fxperimental values of i.ransition jirobabilities are compared with Davydov 
& Rostovsky (1904) and single xiarticle estimates (Blatt & Weisskopf 1962). The 
theoretical values calculated using DR theory are closer to the experimental 
values than the single paiticle values This indicates the superiority of DR 
estimates over the single particle estimates. 

Further interesting information is obtained when the factors and Fg 
plotted against the nonaxiality parameter y„ of DF theory. It was reported 
eaidier by Rajput & Sehgal (1907) that the factor Fgp decreases gradually with 
increase in value of the nonaxiality parameter. Rut in this work wo have ob- 
served that the factor imu’cases slowly with the increase in the value of the 
nonaxiality parameter. The variations of Fj^j^ and Fgp with nonaxiality para- 
meter yg are shown in figui’e 1 . From this figure it is clear that the DR estimates 
are better apiwoximations than the SP estimates; the two factors follow completely 
different trends. The variation of the factor F^^ with neutron number is shown 
in figure 2. The factor increases as the magic number is approached and again 
decreases as we go away from the magic number. 
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Figure 2. Variation of with neutron number N. 



Table 


202 


M. S. Rajput and A- Augusthy 


CDa305 >0»OTHTj*®W3f-iOSIMOQO 


H) II 41 41 HH -11 HI 4^ 4) HH HI J .-H +1 -H +1 

cci-.i-FHOt«co<r>Qoiraoomii5aocD2»»i2 

CCL’-OC005 0C)'f®»0(NeOOt''T'«J'TtHo^i-|0 

,_lr-Hi-Hi-li-li-t<Ni-li-<pHi-trH i-H 


HI HI H-l HI HI -H 'H -H HI -H HI 4-1 HI 41 HI HI 4 HI -H 

Ttl®'^W5P^'H<OcO®M>-lfi"l<NCOQO®t'r-lCO 


m c<5 ^ CO rti tJh »0 


® I-I <M -t< Ol >-H IM M 

(N CO fN CO lo ‘O n 


<M o o CO >0 M 

n i:~ © r-~ CO 

I-I I'. © W3 CO 


OOOOOoOO© 


«Moooio»i?ouooeoo^»oioCeoOio 
ft <N (N i-< CO <M C-l <N CO W '-I (M CM ^ i-H I'. 00 

-H HH H-l HH HI -H II II -H II HI HI HI HI 41 HI 41 HI HI 

o ^ oo CO o q CO eo t- © 'O © 1(5 >o - 1 ' CO oi c; 

TH©©©oeqi'-^©co^©r-©©(:i©rH© 
CO Tji CO 1(5 lO MS lO T»I eo (M (N ^ ^ I- 


^Tj(coeoi-io®oocii-HOoo^D4»-ior/)(M'^ 
COcOCOCOCoeOW(M(M«M»Np-(r-l— (I-Hi-HOIMN 

OOOOOOOOOOOOOOOOOOO 


(?1 CO QO CO (M © 


©'^i©mo®C5,_i(Ml,,Cv|OQ^pq^^P^’yjp/3 


S'^^^'^OOCO'^O,— Ilftif^i^raeiJOOfO 

oo©ooo,-H^^,H,-(coeorj(oo 


ooooooooooooddiocjcjcJd 


g g -n T? >. 1, "u, i C, s s S "52 2 

CCMOSpWWfHBtJj^^OOS^ 


Tli^* 0 050 15 80 14,50 0.24 9.704.3 19-12 5.00± .26 164+14 

0.044 ^9.40 18 52 0.25 10 00±0.8 2.525 3.964.32 221421 

Ipaa 0.045 23.80 22 20 0 24 12 60 4 0.6 2.427 5.194 25 2114 21 

Pii“B 0.044 23 20 21 30 0.24 11.5040 9 2.520 4 574-37 2344 25 

0.044 23 70 20.00 0.24 12.7040.4 2.526 5.034.15 287425 
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Capture cross section of 1 4 MeV neutrons 

Manjushreib Majumdbr 

l^udmr Physicft Laboratory^ Bose Institute, Calcutta-^ 

{Received 15 May 1970) 

Radiative capture eioss soctions foi some nuclei zound about mass number 100 have 
boon nieasuied for 14'H MoV noutrouB by the activation tochniquo Sources of syste- 
matjo oiToi'B and the steps taken to control them have been rliscusBod. The results 
have been compared Avith those given by Perkin et al and Csikai et at. Data obtaineil 
are very much different from those predicted by the compound nucleus theory. 


Inteodtjciton 

Noutroii capture by the nucleus is a complicated process. To understand the 
reaction inecliauism, experimental investigations were mostly performed by using 
thermal neutrons, since they have the larger cross sections, and by studying the 
gross structure of the capture y-ray spectra. Never theloss, total cross sections 
of (n, y) reactions of higher energy neutrons, especially 14 MeV neutrons have 
also boon reported by a few workers (Perkin ei al 1958, Cvelbar ei al 1960 Csikai 
et al 1967) Comparisons of such data have been made with those obtained 
from calculations according to simple theoretical reaction models. Experimental 
cross section values of 14 MeV neutrons, captured by nuclei of mass 
number higher than 50, are generally, a few orders of magnitude larger than 
those obtained from calculations according to statistical model (Lane & Lynn 
1959). A so called ‘semi-direot’ capture model (Brown 1964, Clement et al 1965) 
raises the theoretical values in some cases by a few factors of ten, near 14 MeV 
But these values also fall shorter by about a factor of ten than the reported experi- 
mental values (Csikai et al 1967). Moreover, not many experimental values exist 
for neutrons over 10 MeV of incident energy for any meaningful comparison. 
Therefore, mainly to supply a set of reasonably accurate experimental values, the 
following work was undertaken. 

The method followed for this' work has boon the conventional activation 
measurements. Following snch a method, results in the past were presented by 
Perkin et al (1958) and later by Cvelbar et al (1966) and Csikai et al (1967). Hero 
the values of total cross sections of (w, y) reactions of 14 MeV neutrons are pre- 
Boiited for the following nuclei above mass number 50, viz. ’^Ga, ’^As, ^*’1, 
and i^iPr. 


Experimental Method 

The o-{n, y)totai was determined from relative measurements of saturation 
or activities developed after long neutron-irradiation of sample elements 
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Capture cross section of 14 MeV neutrons 

Generally from a composite decay of ‘daughter’ element, estimate could be made 
of the saturation activity of the sought-for isotope developed by (w, 7 ) reaction. 
As the neutron source the (T— D) generator of Bose Institute was used. 

Systematic Errors : Naturally, when the cross section values are of the 
order of magnitude of only fractions, or at best a couple of units of millibarns (as 
predicted by model calculations or previously obtained results, by other workers) 
one must have to take extreme caution to minimize and/or eliminate every possible 
error involved. Tn the present ease, errors were held to be composed of the 
following ones : 

(a) Error duo to indefiniteness of the incident neutron energy. 

(b) Error involved in relative /?— counting due to mainly the self-inter- 
action of the /?-fays. 

(c) Error due to masking caused by activities present from reactions other 
than (n, 7 ), 

(d) Error due to variation of neutron-flux, which is by far the most serious 
error. 

Procedures followed to eliminate or to minimise the above errore are briefly 
dcscribcid here. 

{i) The energy spread of incident neutrons were determined knowing exactly 
the geometry, i.e , from the measured dimension of focal spot on the tritium target 
and the area and the distance of the sample, and then estimating from the reac- 
tion kinetic calculations. The H.T. source of the neutron generator was stabilized 
and the voltage variation thereby was restricted to within -±^-1% over 160 KV. 
This comparatively low H T. value was used for neutron generation since the 
spread on the sample was rather large, — 30°; hence to restrict the variation within 
a low limit. 120-160 KV were the compromise values. The large spread was to 
obtain larger counts, because the approach of sample to source had to be close. 
Tlie thickness of the sample again was also a comijroraiso, rather then being un- 
duly thick. The effect of this sample thickness is considered separately in (ii). 
The value of incident neutron energy thus specified was 14 . 8 ^ 17 0.08 MeV. 

Needless to say, the system of irradiation Avas kept ‘clean , having minimum 
iSiiatbering material nearby. For this reason, liquid coolant in the target w'as 
dispensed with and forced air cooling was used. Tliis necessitated some inven- 
tiveness to prevent fly-out of (generally used) powdered samples, v^hich were 
irradiated Avithout any cover. No extra backing was used for the thin copper 
disc of the titanium tritium target foils, 

(u) Errors in relative fi-counfing involved : 

In one of the earlier papers published from this laboratory (Mitrn & Ghose 
1066), the sources of error associated in yff-oounting of such thick samples, were 
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discussed and methods to eliminate or minimize thorn pointed out. However, 
lor the sake of cornpleioiiess, they arc very briefly discussed here. Most of the 
correction factors involved in thick-sample /^-counting were calculated and em- 
ployed in a straightforw'ard manner, except self- absorption and self-scattering in 
the sample, which contribute to the largest errors. These self interaction factors 
were determined by a procedure which was a variation from those adopted by 
Prestwood & Bayliurst (1959). Overall relative efficiency of /^-counting was 
obtained from a semi -empirical relation 

erei = I— exp(— 

where Kp is the average energy of /?, h is a coiisiant which was experimentally 
determined for a constant geometry of source and counter during counting 
Although such a relation slightly deviates from general, at veiy low' values of 
Ep, the deviation was seen to be within a few percent, and the overall relative 
efficiency of the particular set-up of counting was determined within d„3% of tlio 
total for the Ep's encountered in all the cases of our sample activities. 

{Hi) Masking caused hy other activities : 

Tt is difficult, in these high mass number elements to got rid of or accurately 
estimate the lingering activities present due to (n, 2m,) reaction products, since 
in nen-rly all the cases, the (r{n, 2n) exceeds the <T{n, y) by a factor of 1 0^—10^, in 
this neutron energy. However, accurate follow'-up of the composite decay curves 
(figure 1) and reconstruction of the wanted activity from thorn by adopting a 
procedure of fitting by least square method, yielded results of desired accuracy. 
Parallelactivitics of comparable half lives were absent in the chosen samiilcs 
reactions The {n, 2??,) caused, in general, increased backgrounds and most of the 
errors in counting w'crc due to difficulty in estimating the small activity present, 
from large backgrounds 

{iv) Standards : 

The standard reactifiiis adopted for relative measurements wore (??, 2n) reac- 
tion in "'’Cii, adopted value of cross section being 530^25 mb (Mitra & Gliosli, 
1966) and (?i, a) reaction in -’Al. the adopted value for this tr w'as 116:{-8iiili 
The former reaction was arlopl.ed for comparatively short, half lives of products 
and the latter for longer half lives. 

(w) N eutron flux variation ’ 

Neutron flux was continuously monitored by a heavily biased jilastic scintil- 
lator detector connected to a sensit.ive count rate meter and recoj’der. 
could be held constant to a deviation of 4:5%. 
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Figure 1. Analysis of the composite decay curve of i®’! to extract different aotivities. 

(vi) Experimental details : 

Samples wero taken iu i)()W'(ler form and the chemical form used were respective 
oxides. Purity of the samples were taken as guaranteed by the manufacturers. 
The sample holders wore iu the form of a circularpot of diameter 2.6 ems, in which 
samples could be pressed to form tablets of maximum thiclmess 2 mm. Holders 
wore made from pre.sscd graphite. Plastics wore not used because of their possible 
effect of moderating neutron energies to lower values, although during the counting 
of the long-lived samples, they were often emptied into a plastic jxit of same 
dimensions. Sample to source distance was alw^ays maintained to be 4,5 ems in 
l lic forward direction, [rradiation Avas given, keeping the samples inside cadmium 
boxes. Foils of speepure copper and aluminium as standard materials, were given 
exact circular diameters as sample-cakes and they Avere idaced above and bolow^ 
the samples. The standard foils Averc each of lOrng/cm'** thickness. A separate 
correction was made for difference in geometrical dispositions of the sample and 
target foils toAA^ards the neutron source spot. 

For iodine samples, during counting, care Avas taken to ensure that there 
was no loss by sublimation or that it did not deposit itself on the counter window, 
lor this, a special ice-box Mas constructed (figure 2) and iodine, after irradiation 
keing transferred in a A\^eighod perspex i)ot, was housed in the ice-box and 
counted. Any sublimate depositing on the counter wiiidoAv was checked for, 
hy removing the sample and looking for background counts. It Avas 
obs0pve(j that if the ioe-box An^as used, no extra correction was needed for loss of 
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sample or its deposition on the window, the effects being eliminated, A dry 
chamber used for ‘sample to counter volume’ eliminated deposition of moisture 
on the sample. 



Figure 2, Diagram of ico chamber developed and used during the counting of 

The counter used was end window /?-counter of 2.4 mg/cm® window thick- 
ness; sample to counter distance was 1cm. 

Results 

The total (r{n, y) w'as calculated b}’^ the usual method, from saturation acti- 
vities in the sample and the standard, taking into account all the errors discussed 
above Ideas of expected half lives were obtained in each case from the data 
supplied in the table of isotopes by Hollander et al (1967), then all re-determined 
by cons tnicting the full decay curves. 

{i) Irradiation of (jallium : Speepure GasOg (white powder) was used as 
sample. Staudaril in this ca.se was ^^Al, in the form of speepure foil. Sample 
consists mostly of two isotojics ®®Ga and "^^Ga, in the ratio 39.6 : 60,2 The 
life-times of generated activities were therefore expected as, 32 secs' from ®®Cu, 
by {n, a); 2 2 mts from ’^Zn, by (n,p); 5.1 mts from **Cu by (n, a); 21.1 mts from 
’”Ga by {n, 2n ) ; 57 rats from ®"Zn and 68 mts from ®®Ga These half Jives were 
confirmed by actual follow ux) of the decay curve. None of them really competes 
with 14.3 hour,s activity obtained from ’“Ga. However, a large background due 
to ®®Ga and ’‘’Ga was present from w'^hich 14.3 hours activity w^as separated 
Multiple iri’adiation of 2 5 hours each was given for saturation of long time 
activity. 

(ii) Irradiation of arsenic : is a 100% isotope. The activities gene- 
rated after long irradiation were ; 82 mts duo to "^^Ge by {n, p); 14.3 hrs duo to 
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?aGa by {n, a) and 26.5 hrs due to ’«As by {n, y)\ sample used was AssOg of 99 6% 
purity. ®’A1 (n, a) was the standard. 

(Hi) Irradiation of iodine : Iodine metal flakes, pasted in the form of cakes 
were used as sample. ^‘^’1 being a 100% isotope, only activities exi^ected were 
9.4 hrs from ^^'^Tc, by (n^p)\ 13.3 days from by (w, 2n); 25 mts from by 
(n, y). From the decay curve, a new activity of 2.6 hrs was recognized and com- 
puted, Aagard et al (1957) reported sucli an activity in their study of fission of 
i 2 oj; This was recognised as due to the isomerism of 13 days (n, 2n) product. 
(n, 2n) in ®*Cu was the standard. 



(0.0 0 w 40 30 (Sq 00 100 

— NEUTOOH NUMBER N 


Figure 2. Variation of <r (n, y) with neutron number is shown. 

(iv) Irradiation of barium : There are too many isotopes in the element 
barium, tstarting from 130 to 138 mass number barring 131 and 133; the largest 
percentage is that of being 71.66. Hencij the decay curve expected 

was really a complicated one. But in reality the 84 mts half life of ^^“Ba was 
easily recognized since (n, 2n) reactions of principal isotopes give all stable products. 
Only competing activities arose from {?i, p) of ^®®Ba i.e., ^^^Cs. Irradiation time 
was 168 mts. 2n) was used as the standard. 

(y) Irradiation of praseodymium : ^^^Pr is again a 100% stable isotope. 
The activities obtained were 6.4 mts from ^*“Pr, by (n^ 2n) anid 19.2 hrs from 
^^’“Pr by (n, y). The sample was speepure PraO^ black oxide powder. The 
standard was (n, a) in ^’Al, 
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2.19+14% Present author 

3.00+10% Csikai ei a/ (1967) 
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Tlio values of (r(n, y) obtained for all these isotopes are presented m table 
J , along with the values obtained by other workers. 

Discussion 

1ji all the cases of irradiations, the effects of rarer typos of I'eactious, 

(a, d), {n, t) etc were ignored, since their rejiorted cross sections in the isotopes 
studied woi'e less than orders of magnitude, as the daughter prodiictsi are sizable 
or their cross sections have not been reported. It is seen that there is an in- 
creasing tendency of the cross sections with increasing mass number, i e , with 
increasing numbei’ of neutrons. A plot of (r(n. y) vn neutron numbers (figure H) 
has been done. 
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Letters to the Editor 


Near ultra-violet absorption spectrum of meta-methoxy phenol 

By C. G. Rama Rao, B. R. K. Reddy and P. Tihuvenganna Rao 
Depa 7 im,pM of Physics, Andhra University, Waliair 
{Received 22 July — Revised 23 September 1970) 

(Plate 10) 

The observation of a miinbor of fundamental frequencies characteristic of exoitei] 
and ground states in the absorjition spectrum of phenol in the vapour phase 
(Matson et al 1945) has led to the study of similar lu oporties in substituted phenols. 
In this context the study of ultra-violet absorption spectrum of meta-methoxy 
phenol has been taken up 

The absorption spectrum of meta-methoxy x>lieiiol being redistilled in 
vacuum, was photograjihed on a Hilger medium quartz spectrograph having a 
dispersion of about 12. oA mm~^ at 2800A, using a vajioiir ooiiimn of 75 cm 
ill the temperature r ange of O'* to 90'’C. The siiectrum thus recorded at ()()'(! 
consists of fairly intense system of bands in the region /\2810— A268oA, as call be 
seen from plate 10. With an increase of temperature of the vapour column to 
about 90°C, a total absorption was observed in this region and no additional bands 
recorded on the longer wavelength side. The spectrum was also studied taking 
a thin film of the sample pressed between two quartz plates at the room and 
liquid oxygon temperatures. The spectrum in the solid state at both the 
temperatures has indicated only two broad intense bands in the same region 
where a discrete band system was observed in the vapour state. 

The mcta-methox 3 ^ phenol molecule mB,y be taken as having a C, symmetry. 
Assuming the electronic transition as giving rise to a discrete band system to be an 
allowed one, the origin of the system is identified at 35754 cm“^, being the strong 
band on the longer wavelength side of the spectrum at the mimmum possible 
temperature (about 30° C). The remaining bands could be analysed in terms of 
five upper states 182, 230, 461, 904 and 1205 and two ground states 173 and 140 
fundamental frequencies of the molecule. The frequencies together with the visual 
estimate of intensity of bands and modes of vibration are given in table 1 . 

A comparision of the sliift of the electronic transition upon substitution in 
ortho, meta and para positions in the methoxy phenols (Suryanarayana & 

1956, Sen 1956) with other isomeric disubstituted phenols shows the usual relation 
o <m— <p— and is towards the longer wavelength side of benzene forbidden 
transition. 
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Near ultra-violet ahsor'ption spectrum, etc. 


Table 1 


Band No. 

Wavo 

numbor 

(cm-^) 

Difforonco 

Visual 

intensity 

Assignment 

Mode of vibration 


36409+ 





1 

36581 

-173 

ms 

0-173 


2 

35606 

-149 

ms 

0-149 


3 

36754 

0 

B 

0,0 


4 

36936 

182 

vs 

0+182 

Totally symmetric vibration. 

r, 

369S4 

230 

vs 

0+230 

C-OH bending. 

0 

36044 

290 

s 

Od 451 - 173 nr 
0+451-149 


7 

36107 

363 

ms 

0 + 2x182 


M 

36102 

408 

ms 

0+230 + 182 


9 

36206 

4.51 

B 

0+451 

Oil coinpononl, of 606 og+ 
vibration ol“ benzene. 

10 

36668 

904 

S 

0 (-904 

(V(’ bending. 

n 

36840 

36867* 

1092 

fl 

0-1-904 d 182 


12 

36969 

1205 

S 

0+1205 

C~ll planar bending. 

1.3 

37096 

1341 

ms 

0+451 4-004 


H 

37164 

1400 

ms 

0+1205+182 



I Fi'('quoii(;ic.iB obworvcd in Holirl ntato. 
ms “mi'duim atrouR, fi — strong, vs — very strong. 


References 

MatHC’ii F A., Omaburg N. & Robertson W. W 1945 J. Chon. Phys. 13, 309. 
iSmyaruirayarui V. & Ramaknsbna Rao V. 195C J. Sci. huluMr. Res., 15B, 200 and 648. 
Sen S K 1950 Indkni J. Phys 30, 653. 


Imhan J. Phys. 213-244, (1970) 

Comment on a note on the linear flow of a viscous incompres- 
sible conducting fluid past an infinite flat plate with 
constant suction in the presence of a transverse 
magnetic field 
By V. V. Ramana Rao 

Department of JUnginecritiff Mathematics, Andhra University, Waltair 
{Received 7 Avgmt 1970) 

Hoomilly Dube (1969) has studied the effects of the transverse magnetic field 
iiad constant suction on the flow of an incompressible electrically conducting 
fluid when the froe-stream velocity varies linearly with time. It should be pointed 
out that his solutions for velocity and the skin-friction as given by equations 
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14 and 15 rc8i)cctivoly, in his paper are wrong. Also his conclusion on the beha- 
viour of the skin-lriction is incorrect. This communication presents the correct 
solutions for the velocity and the skin-friction. It is further concluded that for 
a fixed time, the skin-friction decreases with the increase of intensity of the mag- 
netic field 

Taking the inverse transform of ef|uat.ioii 13 of his paper, avc got 
^ [8« - " {e -yvT+m-‘ _ 

_ _ , , ,, > , |-(Vl + 4Jli=-I) 

V'«(144JM“) +erjc (-/ -]■ 

/ \4V' / > 

e,/c (^-- + V'ri+4M=)) } ] 

... (]) 

The non-dimensional skin-friction T^^ is given by 






.iJli ''■’■/(V**’ +iM^)} 


+ 2 {I {VHi+^)]. ... ( 2 ) 

The calculated values of tlic skin-fxiclion from the cxpre.ssion 2 for r - 4, 
^ = 0, 0 04, 0 09, 0 25 and ilf — 0, ^/2 arc given in table I 




Table 

1 


t ^ 

0 

0.04 

0 09 

0.26 

0 

(1 

U .637 

0 K77 

1 . 720 

n/^ 

0 

0 424 

O.Ci07 

1 331 


From the table it is evident that for a fixed time t, the skiii-fnotion de- 
creases with the increase of intensity of the magnetic field. 

Reeekencb 

Dube S. N. 19G9 Indian J. Phya. 43, 650. 



BOOK REVIEWS 


Men of Physics — L. D. Landau : Volume 2; Thermodynamics, 
Plasma Physics and Quantum Mechanics 
D. Ter Haar, Pergamon Press, 1969. Pp 198. 

Tho motivation of thnao two paper back voUunos on J^ato I'rofossor L. D. Ijandau, we 
jiro told, was “to make tho undorgraduatns familiar with at least some ol Landau’s works, 
upait from hiB text books " and for this purpose tho first volunio proaonted eight papers 
and in this second volume thoro are ten papers on such varied topics as second ordor phase 
transitions, tho migin of stellar energy, the multiple production of particles during collision 
of fast particles ; o-s also, there are papers on moio aophisiicatod topics like cnnseivatiou laws 
foi weak interactions. The volume is provided with an miToduction by Tei Haar, which 
seeks to elarify the background of tho works, tho exact nature of tho contribution made by 
Landau and somo sort of evaluation of those coni nbutions in the light of later lesoarches. 
While ihe reviewer finds tho volume quite intoiosting, he is afraid that il, is too high not only 
fui Ibo average undergraduate hut oven for the moio meritorious among thorn Tho book 
would be of special value to those who are interested in the history of development of scionco. 

A. K. R. 0. 

Topics in Nonlinear Physics — Proceedings of the Physics Session 

Intornaiional School of Nonlinear Mathematics of Physics A Nato Advanced 
iStiidy InstiLuto Max Planck Institute for Physics and Astropliysics, (Munich, 
1960) Ed, Norman J. Zabusky, Springer — Vorlag. 1968. 

Tho^Physies Session, of which tho ]>resont volume gives tho proceedings, ran for three 
weeks Tho scope of the school was to survey nonhu(‘ar phonomona ni different fields of phy- 
BioH and to loolc for similar concepts and techniques that may bo applieablo to mrjro than ono 
branch. Tho opening leoturo was a porspoclivo ono by HeiBenborg entitled ‘Nonlinear Prob- 
lems m Physios ’ Heisenberg pointed out that practically every classical problem in Physics 
(uvoWes nonlinear mathematics and it may well bo that in the final form quantum theory will 
also he a, nonlinear one. Taking as an example tho caleulaiion of tho motion of a proton in 
a proton synohrotron, Tioisenborg expresses tho suspicion that “nonlinear piobkuns have a 
eei taiu kind of unpredictability ” The w^ay out of thes difllculty created by ‘UnpredietaluHly’ 
may be to study onsombk's of solutions rathor than single .solutions as i.s Ihe approach in statis- 
l-ieal mechanics 

The following six lectures are on siieh nil advaneed level and are on so varied tojiics that, 
file reviow’cr finds no ot^lier altc'rnntive than simply noting their titles and authors : (1) The 
nonlinear field theories in mechanics by Truesdell giving an axiomatic rlovelopment of the 
meehiiTucH and thermodynamics of niacroseopie classical non -relativistic continiia (2) Introdiie- 
tion to nonequdibrium Htatistical mechanics by Prigogmo (11) Interactions in a classical reJ.i- 
tivistic plasma by Bnus (4) Nonlinear optics by Bloembergen (.'i) Tjootures on homogeneous 
tuvbulonee by Saffman and hustly (0) Superspaee and the nature of quantum goninotrody- 
namicB by Whoolor. 

The book thus covors a very wide field of advanced classical physics and Avoukl un- 
doubtedly bo a welcome addition to any library interested in advanced mathematical physios. 

A. K. R. C. 
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Book Reviews 


Conference Booklet: High Magnetic Fields and their Applications 
(Nottingham, 1969) 

The Institute of Physics & The Physical Society, 

47, Bolgrave Sq., London SW 1. 

167 pages. 30sh (3.60 dollars) 

Thn l)noklol; is a oollfiotion of 30 papors preaontecl at tho fourth International Conference 
on Hiffli Magnetic Fields and thoii Applications hold at the University of Nottingham from 
17 to 19 (September, 1909. The pniiors, though concise, are auccossful in indicating the ‘wealth 
and vai ioty’ of ucav probloms that are now attacked due to tho ready availability of high mag- 
netic fuilds Most of fbo papers appear m a short frorm, but there are some review papers 
sill ninari Bing the icccnt works accomplished lu some woll-known laboratories. Eight of the 
paper.s doal with the production of high fields utilising Bitter-type magnet and/or suporcon- 
diief.mg magnet and/or short-duration pulsed magnet , one paper discusses ‘embryonic’ tech- 
nological ayiyilioationa to mining, metallurgy and inoclicino ; tho rest are devoted mainly to 
l,he mvo.stigation of eloctioiiio and magnetic Ptruoturo of solids. Tho papers deal with tho 
liand-striiofcuro of semi-conductors, scmi-niotals and motals ; electrons, holes, oxoitons and 
polaions in crystals; mttgnotio ordering and phase transitions with reference to exchange 
intex actions between ions in solids ; magnotoplasma-phonon interaction ; conformations of 
molecules as revealed liy Ingh -field N.M R etc. 'Pho physical piopertios of solids studied 
at high field are (1) reflection and absorjition of radiation m UV, visible and infrared region 
(2) cyclotron resonance (3) antiferromagnotio resonanoo (4) N.M.R. (5) ultrasonic attenuation 
(6) laser oraisaion and .Hainan scattering (7) photo-conductivity (8) oscillatory magnotorosis- 
tanoo and (9) magnetic susceptibility. 

The booklet will bo a good addition to any Solid State Physics Research Laboratory. 

M. ,C. 

Current Algebra and Phenomenological Lagrange Function. 

Springer Traet in Modern Physics. Ergehniaso dor oxalcten NaturwissendlhaftenSO 
Springer-Verlag, Berlin. Heidelberg. New York 1969. 

The book is a collection of invited papers at the first summer school for Theoretical 
Physics, University of Karlsruhe (July 22-August 2, 1968). It contains the followmg articles : 
1) Dynamical Oroujis and their Currents. A Model for Strong IntoractioiiB — A. O. Barut. 
It is a discussion on the differences between the gi’oup structure of tho multiplets and the group 
structure of interactions and a review of the general framework of the dynamical group, its 
Hpecia,! form iii cases of i,ho Dirac particle and the H-atom and its application to hadrons, 

(2) Current Algebra and Light Charges — H Leutwyler. Starting with a brief review of the 
basic asaumptions involved in current algebra it dwells on tho properties of lightliko charges, 

(3) Inl.roduetioii to tho Lagrangian Method — ^Volkhanl F Muller. It provides an elementary 

introduction to tho Lagrangian formalism of clasBUial field theory. (4) Introduction to the 
Mc'thod o( (Jurrent Algebra — H, Pictschmanii The author domonstrafies tho power of current 
algebra on iwo oxamplcH, namely the Adler-Woisberger relation and the Mathurtlkubo -Pandit 
-Oallan-Treiinan relation, (ii) S-Matrix Formulation of Current Algebra —H. Pilkhun. (6) 
Electromagnetic Mass Uifforonco- -T Bothleitnor. It deals on the shift of tho energy levels 
of .strongly interacting systems caused by tho electromagnetic interaction. (7) Non-leptonic 
Decays and Mass Differences of Hadrons B. Steeb. Tho subsequent three articlos (8) Current 
Algebra in fhe J^'ramowork of General Quantum Field Theory, (9) Current Algebra and Renur- 
malizablo Field Theoi’ios, (10) Introduction to Current Algebra, ai“e by P. Stichel. Starting 
with a rigorous definition ol Equal -Time Commutator, the author investigates the Vacuum- 
Expoctation-value of curroiit commutators and Equal -Time -Commutation Relation in per- 
turbation Theory. Tlie last ono is a short review of tho content of Current Algebra. (11) Rea- 
lisation ol u Compact, oonneotod, scmi-simplo Lie Group-Julius Wess. This is a oomprohonsivo 
diBcusHion on the topic . (12) Probloms in Vector Moson Theones—W. Zimmermann. The 

authoi' iliscusses the model of a massive veciior field coupled to a conserved current and models 
of two vector fields ivhich aro coupled to the same current. 


N. D. S. G. 
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Indian J. Phys. 44, 217-226 (1970) 


The y*-centroids of diatomic molecules from true potential 
energy curves 

By V. K. Vaidyak and G. Santaeam 
Indian Inslilvle of Technology, Madras, India 
{Meceived 23 February 1970 — Revised 10 June 1970) 

Tho »*-(!onfcroid of a. molooular band js defined by \Vv'r>l^v"drll'f'v''Pv''dri and ih an 
in’orago iiitornuclear flojiaraiion, winch may be associated with the u'— ► v" transition. 
For an aocurato dotcj’unnation of r-centroids, a coireet estimation of enor|ry values 
ol both olootroinc states for arbitiary r-valiies is iieeossary. A method to find energy 
values for any r-valuos fiom tho true potential energy cui-ves ot a particular electronic 
sta 1;0 lb discussed, which is based on the fact that tht^ intern uclear distance r and tho 
corresponding onei gy V can bo related by an equation of tho form y{ V) — m!i;(r)“[- ( 6 ’). 
As illustrations, r-controide are evaluated fm tho first posilivo, second positive and 
Vogard- Kaplan bands of N 3 , and tho rod system of CN These values are compared 
with that of Nioholls & Jarmain (1950), who calculated it by using Morse function. 
As expected, since Morse function is a poor approximation foi higher vibrational 
levels, the deviation also incicaseB with large v and Av values 


1 . INTIIODTTCTION 

It'or tlie calculation of » -coiitroids, a method developed by Nicholls & Jarmain 
(Ntl) (195G) is uFied widel}!^, duo to its simplicity compared with the methods 
ijivolving numerical integration based on RKK potential, which is based on tho 
oipiatiou, 

Ev' — Ev" — Ti(f»'ti'0 — y^fv’v'')f ”• (^) 

where Fi(r) and Vi{r) are potentials of tho upper and lower states respectively, 
Vjv' and Ev" are the vibrational energies concerned. The above relation holds 
good, only if 

(i) Fi(r)— Fair) is a slowly and smoothly varying function of r over the 
significant range of J [^iO‘)“T 2 (r)] (ii) 10\ 

(iii) 0-01 A < real < 0-251, (iv) v' and v" do not exceed about 10. 
The difference between E^,’ and Ef,^ on the left hand side of equation (1) 
iniiy be calculated for each band of the system. Values of r^’v^ appropriate to 
these energy differences may then be read from graph of [Fi(r) Fair) vs r, if 
f'lir) and V^ir) can be evaluated for different r- values. To find Fir), NJ used 
Morse function. But it is found that Morse function moU not represent tho p.e. 
cui ves of tho olectfonio states adequately, especially for higher vibrational 
^t^vols. Hence a method to find Fir) with sufficient accuracy for any r- value 
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within the significant range of the p,e. curve is uocossary. In this paper, a 
method to find the same from true p.e. curve of an electronic state is discussed, 
and consequently the accurate evaluation of r-centroids. 

2. Theoretical Determination or V{r) 

2.1 E{v.K), a quadratic in 

For the j-otationloss state ( J = 0), the general expression representing 
energy of an electronic state is 

== — ... (2) 

But for most electronic states, Ev can be represented fairly accurately by the 
first two terms of equation (2) after having a least square fitting to constants 
and 

To derive an empirical relation connecting r and V, one can use the form 
of Morse function 


V(r) = i)[l-exp{-a(>•-r<,}]^ ... (3) 

Bince it satixfies Sclirodingor’s equation fur energy statex, which can be repre- 
sented by a quadratic in From equation (3), 

-a(r-rc) =^ln[lib{F(r)/D}*] ... (4) 

For the quadratic case, D — (jJe^jiweXe (Rees 1947), and since a and Ve are cons- 


tants, one can write equation (4) as 

log[{<^e=L(4we«eF)S}/aie] = —aV+aVe, (5) 

where a' = 2 ■3026a 

i.e,, log [coe±(4wt.a;eF)*] = — aV+aVe+log wp. 

If we replace —a' by m and (aVe+log by c, 

log [a)e-jb(4meXgF)*] = mr+c. -..(6) 

Thus for r^fiax and sides, one can write the expressions as 

r > re, log [oJe— (4we«;eF)*] = m+rjna,t-\’C+ (7) 

^<re, log[we+(4a>ea;gF)*] = w_r;„e^-f-c_ (8) 

Or, 

log[«^fl+(4wea;eF)*] = ... (9) 

log[‘*^9-(4wea:eF)^l = ... (10) 


Alternatively, one can arrive at these relations from the expression of /, the half 
width of potential curves, involved in the RKRV procedure for calculating the 
classical turning points of potential curves. For the quadratic case, / is given 
by (Vaidyan Santaram 1970a) 
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/= / Vln[ 

KSn^/iCtai^gl L J 


... ( 11 ) 


But / = (»■»»»«— »'win)/2, 80 that equation (11) becomes 

)* [ln{««>.+(4o.e*eV)»}-ln{“'«-(4<«^.l^)n] 


Therefore, 


\Qg[a)e-\-{4meXeV)i] — mr^ai+c 

log[aje— (4ajcJBgF)*] = n^.r„^i,,-]-c 


} 


... ( 12 ) 


Equations (7) and (8) or (9) and (10) are the general form of these equations. 


Thus by using equitations (7) and (8) or (9) and (10) one can find F-values 
corresponding to any r- value within the range of that p.e. curve provided 
the constants m and c are known. These constants can bo determined with a 
knowledge of r- values evaluated by using RKRV method, either by drawing 
a graph for log [wg±(4:a)fXeV)i] vs. r or, by the method of least squares. 


The accuracy of this method has been tested by the authors (1970b) in 
which true p.e. curves for several electronic states have been constructed using 
equations (7) and (8) and compared with the RKRV data. The agreement was 
found to be good. 


2 2 E{v,K) cubic in i^+i) 

For certain electronic states, it is not possible to represent the whole vibra- 
tional term system by a single quadratic in (t^+J). But for such states, it can 
be divided into segments, whore each segment consisting of a few vibrational 
levols, can be represented fairly accurately by suitable choice of cj and ojx. After 
such an adjustment, the method outlined in the preceding section can be 
employed. However, in order to make sure that the segment curve does coin- 
cide with the true curve, there must be at least three consecutive vibrational 
levels is such a segment. 


3. Method 

After finding energy values F(»') corresponding to different r-values, say 
with an interval of 0-01 A for the upper and lower electronic states involved in 
that transition, one can plot a graph for [Fi(f)— F 2 (r)] vs. r, over the sigmficant 
range of r-values. From this graph, the r-oontroids corresponding to different 
transitions v' — ► v" for energy differences BJv' — Ev" can be directly read. 
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4. iLIiUSTBATlONS 

4.1 The r-centroids of second positive system of Ng 

Electronic states involved in this transition are C^tTu and B^ng. B state 
can be represented adequately by a quadratic in (v+ 1), while for G state, it 
must be divided into two segments, one from = 0 to 2 and other from 
u = 2 to 4. The RKRV data for these states are taken from Jain (1964). The 
r-centroids obtained by this method is given in table 1, together with that of N,l. 
The fleviatioii increases with increase of v and Aw. 


Table 1. The r-centroids and wavelengths of Ng second positive system 
{C^n-^ B^tj) 


y 

V 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


a 1 ) 

1 1U3 

1.148 

1.116 

1 087 

1 061 






0 

») 

1 182 

1.148 

1 116 

1.086 

1 . 058 







h 

3371 3 

3676.9 

3804 9 

4059.4 4344 







a 1 ) 

1.229 

1 189 

1.164 

1.122 

1.094 

1.067 

1,043 




1 

ii) 

1.228 

1.189 

1.164 

1.122 

1.092 

1.066 

1.039 





b 

3159 3 

3339 

3636.7 

3756.4 3998.4 

4269.7 

4674.3 





a 1 ) 

1.287 

1 235 

1.194 

1.160 

1.128 

1.100 

1.073 

1 . 049 



2 

ii) 

1 280 

1 234 

1.195 

1 160 

1.129 

1.099 

1.072 

1.046 




b 

2970.8 

3136.0 3309 0 

3500.5 

3710.5 

3943.0 4200.6 

4490.2 




a 1 ) 


1.294 

1 240 

1.199 

1.165 

1 . 134 

1.106 

1.079 

1 055 

1.032 

3 



1 287 

1 241 

1.202 

1 166 

1.136 

1 106 

1.079 

1.064 

1.032 


b 


2962 

3116.7 

3285 3 

3469 

3671.9 

3894,6 4141.8 

4410.7 

4723.3 


a i) 



1 298 

1.244 

1 203 

1.169 

1 138 

1.110 

1.084 

1.060 

4 

ii) 



1 294 

1.247 

1.208 

1 173 

1.141 

1.113 

1.086 

1.061 


h 



2953.2 

3104.2 3268 1 

3446.0 3041.7 

3867.9 

4094.8 

4:i65 0 


a) r-controid : i) Present work ii) Nicholls & Jarmain (1966). 

b) wavoleiigth. 


4 2 The r-centroids of first positive, and Vegard-Kaphm hands of N 2 

As illustrated above, the r-centroids are calculated for B^ng 

* transitions of Ng, and are tabulated in tables 2 and 4 respec- 
tively. In table 3, r- values by this new procedure ai‘e compared with that of NJ 
and the deviation is found to increase with increasing values of v and Aw. 
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Table 2. The r-centroids and wavelengths of Ng first positive system 


\ 

v' 

o' 

\ 

0 

1 2 3 4 6 6 

7 

8 9 

0 

a) 

1.261 

1.216 1.186 




b) 

10420 




1 


1.298 

1.163 




b) 

8911.6 




0 

a) 

1.361 

1.305 1.266 




b) 

7763.2 

8722.3 9860 



:j 

a) 

1.412 

1.358 1.313 1.274 




b) 

0876.0 

7620.2 8541 8 9699 



4 

a) 

1.4B5 

1.420 1,366 1.320 1.281 




b) 

6185.2 

6788.6 7603 9 8369.2 9362 



5 

a) 

1.577 

1.493 1,427 1.373 1.328 1.288 


1.167 


b) 

6032.7 

6127 4 6704.8 7386.6 8302 8 9133 



G 

a) 


1.585 1.601 1.435 1.381 1.335 




b) 


9592.9 6069.7 6623.6 7273.3 8047.4 



7 

a) 


1.694 1.609 1.443 1.389 1.343 




b) 


6663.7 6013.6 6544.8 7164.8 7896,4 



a 

a) 


1,617 1 461 1..397 




b) 


5959.0 6468.6 7069.0 



9 



1.626 1.469 

1.406 



b) 


6906 0 6394.7 

6967.8 


10 

a) 


1.636 

1.467 



b) 


6864.4 6322.9 


11 

a) 



1.544 

1 476 


b) 



6804.3 6262.8 

12 

a) 




1.663 1.485 


b) 




6766.2 6185.2 


a) r-oentroids. 


b) wavelengths. 
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Table 3. Comparison of r-centroids for Ng first positive bands 
(Present work with that of Nicholls & Jarmain) 


Band 
v' v" 

Present 

work 

r„*i,* 

Nicholls 

& 

Jarmain 

O-i-O 

1.251 

1.256 

0->l 

1.216 

1.222 

0->2 

1.185 

1.193 

1-..4 

1.163 

1.173 

5->9 

1.167 

1.177 

1-+0 

1.298 

1 297 

2->0 

1.351 

1.346 

3-1.0 

1.412 

1.403 

4-^0 

1.486 

1.469 

5-1.0 

1,677 

1.662 


Table 4. The r-centroida and wavelengths of Vegard-Kaplan bands of 



3 

4 

6 

6 

7 

8 

9 

10 










0 a) 

1.236 

1 266 

1.276 

1.296 

1.316 




b) 

2332.8 

2461.6 

2603.8 

2760.6 

2936.7 




1 a) 


1.243 

1.263 

1.282 


1.322 

1.343 

1.366 

b) 


2377.6 

2609.8 

2656.6 


2997.0 

3197.6 

3424.6 

2 a) 



1.260 

1.269 

1.289 




b) 



2424.2 

2660.1 

2710.1 





o) r-centroids, 6) wavelengths. 


4.3 The. r-centroids of CN red system 

ON red system is of interest due to the doublet nature of the upper 
state. By using Morse function, it is not possible to represent these states, and 
hence NJ’s method fails to give r-centroids for these two sets of transitions. 
However, by making use of the new procedure, it is possible to calculate r-cen- 
troids for the bands of both sub-systems, viz. A^tt^ — > X and Ahr^i^ -> X and the 
values thus obtained are given in tables 6 and 6 respectively. Though for small 
values the difference between the r-centroids of the corresponding bands in the 
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two sub-aystems is not much, it is appreciable for higher vibrational states. 
RKRV values for classical turning points of these states are taken from FaUon 
et al (1962). 


Table 6. The r>oentroids and wavelengths of CN red 
system X®S+) 


\ 

v" 

\ 

0 

1 

2 

3 

4 

6 , 

6 

0 

a) 

1.203 

1.164 







&) 

10933 

14074 






1 

a) 

1.165 

1.209 







b) 

9148.3 

11247 






2 

a) 

1.130 

1,171 







b) 

7876.4 

9392,5 






3 

a) 

1.100 

1.136 







b) 

6927.6 

8067 






4 

a) 

1.072 

1.106 

1.142 






b) 

6191.7 

7091 

8272 





6 

a) 

1.046 

1.078 

1.112 

1.148 





b) 

6606.7 

6332.2 

7269 

8486 




6 

a) 

1.022 

1.062 

1.084 

1.118 





b) 

6129.7 

6730.2 

6478.7 

7435 




7 

a) 


1.028 

1.068 

1.090 





b) 


6239.3 

6868.2 

6631.6 




8 

a) 



1.034 

1.004 

1.096 




b) 



5347.5 

5992.6 

6792.6 



9 

a) 




1.040 

1.070 

1.102 



b) 




6473.3 

6133.0 

6961 


10 

a) 




1.018 

1.046 

1.076 



b) 




5043.1 

6698.3 

6279.4 


11 

a) 





1.024 

1.062 

1.082 


bf 

* 




6166.7 

6728.6 

6432.7 


a), r-oentroida. 


6)' wavelengths 
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Table 6. 

The r 

-oontroids and wevelengths of CN red syatom 

A' 

0 

1 2 3 4 6 6 

0 a) 

b) 

1.204 

10970 

1.166 

1 a) 

b) 

1 166 

9174.7 

1 210 

2 a) 

b) 

1.130 

7898.6 

1.171 

^ a) 

b) 

1.098 

0945.4 

1.J36 

\ 

1 3 ^ 

1 

1 068 

6206.1 

1.104 1.142 

7110 

5 a) 
b) 

1.039 

6618.8 

1.074 1.110 1.148 

6347.0 7273 

6 a) 

b) 

1.011 

1 046 1 080 1.116 

6742.7 6494.1 

7 a) 
b) 


1.018 1 062 1.086 1.122 

6260.0 5871.3 6648.1 

8 o) 

b) 


1.026 1.068 1.092 

5364 1 6006.0 6809-2 

9 a) 
b) 


1.032 1.064 1.099 

6484.9 6146.8 

10 a) 

b) 


1.039 1.071 

6610.6 6293.7 

11 a) 

b) 


1.046 1.078 

6448.3 

a) r-oentroida 

6) wavelongths 



6. General Discussions 

The relation connecting r-centroids and wavelengths, i.e. fv'v'' increases 
or decreases as A increases or decreases according as >> ^^2 or r^i <C ^"62 found 

to be true in all cases. 

For both first and second positive systems for which comparison is possible, 
the deviation of the values of r-centroids calculated from NJ’s (1956) method 
from those of now procedure increases with increasing v and Av values. Naturallyn 
this has to be attributed to the poor representation of Morse function for the 
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}iigher vibrational states. Hence it can be claimed that the new method yields 
more accurate values than those of NJ*s. 

Recently Krupenie & Benesch (1968) have shown that in the case of CO 
?-centroidfl calculated by numerical integration method differs very much from 
that obtained by NJ’s method for some bands in .4 -> X system. We investi- 
gated this system by using the present procedure and the results obtained are 
given in table 7 together with FC factors and r-centroids calcolated by using 
numerical integration method. 


Vablc 7. FC factors and r-centroids of CO*- 


V \ 

0 

1 

2 

3 

4 

5 

6 

0 a) 

U 424-1 

0.113 

0.107 

0.180 

0.158 

0.122 

0.862-1 

b) i) 

J .177 

1.201 

1 227 

1.253 

1 281 

1 310 

1.342 

H) 

1.178 

1.202 

1 227 

1 .253 

1.280 

1 . 309 

1.339 

1 a) 

0.152 

0 193 

0.989-1 

0.142 

0 445-3 

0.412-1 

0.789-1 

b) 1) 

1 159 

1.186 

1.210 

1.237 

1.263 

1.291 

1.321 

d) 

1.161 

1.184 

1 207 

1.270 

1.263 

1.289 

1.317 

2 a) 

0.261 

0.812-1 

0.274-1 

0.726-1 

0.960-1 

0.499-1 

0.677-2 

b) i) 

1.144 

1.107 

1.191 

1 216 

1.242 

1.268 

1.296 

h) 

1.145 

1.167 

1.205 

1 217 

1.240 

1.218 

1.299 

;{ a) 

0 252 

0.524-3 

0.107 

0.705-1 

0 102-2 

0 304-1 

0.703-1 

b) i) 

1 . 130 

1.162 

1.173 

1.199 

1.223 

1.249 

1.276 

u) 

1.130 

1 147 

1.177 

1.197 

1.239 

1.260 

1.273 

4 a) 

0.174 

0.921-1 

0.857-1 

0 356-2 

0 763-1 

0.582-1 

0.400-2 

b) i) 

1.116 

1.137 

1.169 

1.182 

1.206 

1.230 

1.266 

11) 

1.115 

1 . 146 

1.169 

1.158 

1.207 

1.227 

1.264 

T) tt) 

0.803-1 

0.192 

0.435-3 

0.968-1 

0.371-1 

0.779-2 

0.021-1 

b) i) 

1.101 

1.123 

1.144 

1.160 

1.189 

1.213 

1.238 

11) 

1.101 

1.125 

1.143 

1.170 

1.188 

1.224 

1.238 

6 a) 

0.321-1 

0.177 

0.718-1 

0.632-1 

0.186-1 

0.788-1 

0,162-1 

b) i) 

1.068 

1.108 

1.130 

1.150 

1.174 

1.197 

1.211 

ii) 

1.088 

1.110 

1 . 123 

1.163 

1.162 

1.199 

1.214 

a) FC foot 

ors (Krupenio & Boneaoh) 





r-controids : (i) Present work (li) Krupenie & Benesoh (1968). 


In the 

case of CO-**, Morse function is a good approximation 

for both A 

and X states, as they can be represented adequately by a 

, quadratic equation. 

Hcuoe NJ ’s 

method based on true curve and Morse function would yield the same 

rosiiltsy 

2 ^ 
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IVorn the table it ia evident that the deviation of y-centroida based on NJ’a 
method from the numerical integration procedure is appreciable only for bands 
whoso rC factors are very small, in other words, the deviation is existing for 
unobservable bands For the observed bands, where FC factors are large, there 
is a good agreement between the two. The deviation of r-centroids for the non- 
obsorved bands can be attributed to the small values of FC factors, and the 
consequent invalidity of the expression 




r^i/r^'dr 


71 =^ 1 , 2 , ... 


which is one of the conditions to be satisfied for NJ’s method. The r-centroids 
are of importance in the study of the variation of electronic transition moment 
with r. For this study the r-centroids for the observed bands only need bo known 
along with the experimental band intensities. These can ho obtained more 
easily by the pi’esont method with sufficient accuracy. 

6. Conclusion 

Thus this new procedure gives a rapid as well as an accurate means to 
evaluate r-controids of diatomic molecules, even for transitions where there is 
electronic splitting. However, this method is limited to such transitions for 
which EKRV data is available for both upper and lower states. 
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On motions of test-particles in Kerr metric 

By K. D. Kroet 
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Motions of test -particles in the 0 — Tr/2 plane of the Kerr metric of a rotating body 
have been studied hero under some specific conditions. Coriections have also been 
introduced for their spins. 


Introduction 

A particular solution of Einstein’s field equations of great interest is Kerr solution 
(Kerr 1963) which is the only exact solution describing the field exterior to some 
Unite rotating body. The Kerr metric can bo wi'itten in Schwarzschild-liko 
coordinates (Boj'^cr & Lindquist 1967), i.e. coordinates such that when the 
angular momentum jiarameter is zero one gets the Schwarzschild metric. Thus 
we have 

-= — cos® 0)l(r'^—2m.r-\-a^)'\dr‘^-~(r^-{-oL^ cos^ 0)dd^ 

— [r2-i-a‘*-|-2mra® sin^ 0l{r^-\~a^ cos® 6)1 sin® 6 d<j>^ 

— [47nar sin® 0/(r®+a® cos® 0)]dt d^+[l— ■2?wr/(r®+a® cos® 6)]dt^ ... (1) 

Boyer & Price (1965) have shown that “one of the parameters in Kerr’s 
solution (equation 1) can plausibly be related to the angular momentum per 
unit mass of a uniformly rotating sphere, the other parameter being a measure 
of the mass of the sphere”. Hernandez (1968) has also found a case such that 
in the Newtonian limit the rotating body in (1) is a uniform density sphere with 
a moment of inertia = 2/6wa® and angular momentum — — ma. 

We propose to study in this paper the motions of test-particles in the 
0 — 7tI2 plane of the Kerr metric of a rotating body represented by (1) under 
some specific conditions. Corrections would also be introduced for their spins. 

ORBrrAL Equation in 0 = 7r/2 Plane 

Upto second power in a and first power in injr, the Kerr metric (1) is reduced 
to the form 

t/s® = sin® 0 ] dr®— (r®-fa® cos® 0)d0®— sin® (?(»“®-l-a®)d0® 

\ r r® / 

dtdtl>+ (l- j df® - (2) 
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Tho approximations made restricts the consideration to distances r >> m and 
to cases whore a <<r. 

Corresponding to (2), the values of and g^^ are obtained. 

They are 

/2m , ._n ^ \ 


^33 ^ 1_ . /l — \ 

^ r2 sin2 0 \ ^2 / 




Now, from (2) and (3), we carr obtain the 3-index symbols and write cjiit 
tho 6-, (j>- and /-equations. The ^-equation is 

(S’+i 

. 0 , ... », 

Let us suppose that the test-particle moves initially in the d = nj2 piano. 
Then dOjds = 0, and cos 6* — 0 initially, so that d^OJds^ — 0. The particle 
therefore continues to move in this plane, and we may simplify the 0- and 
/-equations by putting d = 7r/2 throughout. 

Then, 0- and /-equations in 0 — 7r/2 plane are 

.2 U_QL^\drd(j) 21710, dr dt _ ^ 
ds^' r r ds ds r4- Ts ds ^ ^ ^ 


^ _ ^mo drd<j> j 2m \ j 2m \ dr dt _ , 
ds^ r2 ds ds r ) \ I ds ds ~ ^ 


For a = 0, the solutions of (6) and (6) i 


( 7 ) 
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/ 1 Sttzi \ dt /o\ 

where Cq are constants of integration. We now substitute from (7) and (8) 
in the correction terms of (5) and (6) and obtain the solutions 

_ A / j _ 2m a \ 

ds rM r ~ h r^~hl 


whore h, c are constants of integration. Writing h ^ and c in the correc- 
tion terms in (9) and (10), we obtain finally 


d$ 7*2 \ r h ) 

dt /, . 2w, 2ma h \ 
* = <=(i+-7.--3,r 


... ( 11 ) 
... ( 12 ) 


Hence, in the 6 — 7r/2 plane, (2), (11) and (12) give in the usual manner 
the orbital equation for a test -parti do 


^+«=-(H- 24 (o»- 1 ))+|^c»- 1 )« 

4- 3m ^1 — ?- ^ ^ j 

where u has been substituted for 1/r. 

Advance of Pbbihelion 


... (13) 


The solution of (13), neglecting all terms on the right side except the first, 
is 

~ I lH-2a ^ (c®— 1) I {l+e cos(0— oj)}. ... (14) 

where e is the eccentricity of the orbit. Now, substituting from (14) on the right 
side of (13) and finding particular integrals for the terms containing cos (^ — co), 
the final solution is 

^ ^ ft (c®— 1) I {1+e cos (^— w)}+ ^ sin (0 — w) 


+ { 1+4«|-(c»- 1)- « a f ^ Bin(^-.) 

6m®a*e . ,, , 3m®aV* , , v nM 

- ^sin(0— <«) 0sin(0--w). (Aoj 



230 


K. D. Krori 


This gives for the advance of perihelion per revolution 

If the test-particle possesses spin angular momentum S parallel to the 
angular momentum of the central rotating body, then following Corinaldesi & 
Papapetrou (1951) and Das (1967), wo obtain for small S from (16) 

^<0 = 2. [ I g (c-l)+ { l+2a I- I a I } 

~~h^ 2 J Eh^ ■■■ 

where E is the total energy of the test-particle. 

Deflection of Massless Pabtioles 

Por massless particles such as photons, gravitons (Synge 1960) and neutrinos,* 
both h and c tend to infinity but cjh is finite. For this case, (13) is reduced to 
the form 

-f3a2^“ ^t+3m (l— j u^-^acV ... (18) 


The solution of this equation, neglecting all terms of the right side, is 

u — cos ... (19) 

Now, substituting from (19) on the right side of (18) and finding particular 
integrals for the different terms, the final solution is 

I" “ fe' ) 


The total deflection of the track of a massless particle is then given by 
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If, however, the massless particle possesses spin angular mementum S parallel 
to the angular momentum of the (gravitating) rotating body, then, following 
Corinaldesi & Papapetrou (1961) again, we obtain from (21) 


2(2ma.J+la»g,7+ 


2m 


(l—- a-W fl— 'l .. (22) 

\ 3 A / J I 2RE} ^ ^ 


where E is the energy of the particle. Since the spin angular momenta of a photon, 
a graviton and a neutrino are, respectively 2fe and Jft, equation (22) shows 
that for the same values of c//t, E and Rrjr will be the least for a graviton and 
greatest for a neutrino. 

But for a photon, graviton or neutrino with the spin parallel to their velo- 
cities in the 0 = 7r/2 plane, \lr in this plane is not affected by the spin (Corinaldesi 
Papapetrou). 
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]n this jjapor goii oration and properties of uiultilovol sequonces are discussed. The 
use of phase logic foi generating B.F laultiphase-pBeudo-raiidom sequencos is des- 
cribed Applicaiioi) of these codes m communication and sohemos for ternary count- 
ing and binary -ternary conversion are presented. 

Introdtjctton 

There has heon considerable intcresi in recent years in binary quasi -random 
sequencos with particular rel'orenco to their aijplication in radar, communication 
systems and automatic error-correction circuits. 

Pseudo-random sequence (i)rs) is so-called as it has some important 
characteristics in common with random noise. These are (?;) a complicated 
looking structure wdiich makes a part of the waveform indistinguishable from 
a sampled function of noise, {ii) nearly zero average value over a specified period, 
{lii) a sharp auto-correlation function. 

But such sequencos are better suited for aj)plication in that {i) they can be 
generated by a perfectly deterministic process, and {ii) the peak factor can be 
made much lower than that of random noise. 

When the sequences are made of presence or absence of a pulse or the 
positive and negative pulse, or any other set of two distinct states then we call it a 
binary prs. In multilevel prs similarly, we must have larger number of states 
wliich may be pulses of different amplitude, sine or cosine functions with different 
phases or frequencies or any other recognizable parameters. 

It has been suggested (Briggs 1966) that ternary prs can be generated 
by addition of a binary sequence with its transformed version. Sequences thus 
obtained are seen to have a spread out correlation function. 

In the present paper, techniques of generation of multilevel sequences, which 
are based on shift-register techniques as employed for generating binary sequenccf?, 
are described. The two state jOhp-flops are replaced by multistate devices. The 
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logic remains still modular but the moduli may be prime or non-prime and tahe 
on values of 3, 4, 5, etc. Multistate devices whore states signify specified 
amplitudes are difficult to realize if the number of states exceeds 3. However, 
if the states are made to signify the phases of a carrier then multistate devices 
and logical units (e.g., modular adder, multiplier) can quite easily be realized. 

Generation of multilevel sequences both on amplitude and phase basis 
arc considered in Section 1. Properties of such sequences are also discussed 
hero Realization of such sequences both on amplitude and phase basis is dis- 
cussed in Section 2. Application of such codes in communication and other 
, special purposes and the advantages arising out of their use are discussed in 
Section 3. 


Section 1 

Multilevel Sequences and Their Properties 

Multilevel sequences having n levels can be generated, using s-stage multi- 
level shift register (Taub 1968) wit}» proper feedback (according to the generating 
polynomial) to the first stage, which is the modulo-n-sum (Pugh 1967) of the out- 
puts of the appropriate stages multiplied by 1, 2, ... or n. 

The maximum length which can be generated in an ii-levol generator is 
L ~ n"—!, where n is the number of levels in the sequence and 5 (determining 
the length) is the degree of the genei’ating polynomial. The polynomial chosen 
must be irreducible, To find out the irreducible polynomials of a given degree 
one has only to eliminate the polynomials which can be factorized into poly- 
nomials of lower degree. The irreducible polynomials for prime modulo 3, 6 
anti 7 have been tabulated by Church (1935). It has to bo mentioned that an 
irreducible generating polynomial does not necessarily lead to a maximal length 
■soipicnce. In other words, the irreducible character is a necessary but not a 
sufficient condition for generating sequences of maximal length. 

The polynomials of modulus-3 give rise to ternary sequences and the poly- 
nomials are listed by Elspas (1969). The sequences obtained with these poly- 
nomials are presented here in table 1. 

To understand the operation of the generator one may consider for example, 
a ioi nary function Z)’’02D“0/ — 0 with the initial condition 012. Here one must 
3 3 

itcep in mind that addition and multiplication obey modular logic. With such an 
arrangement the multistate device will successively go through the states 012, 
201, 220. 222, 022, 002, 100, 010, 101, 210, 121, 112, 211, 021, 102, 110, 111, 011, 
001, 200, 020, 202, 120, 212, 221, 122, 012, . Thus after 26 changes the shift 

^■f^giKters have come back to the original 012 state and again the sequence is 
repeated. Thus at the output one will have a repetitive sequence given in the 
table below. 
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Table 1 


generating jjolynomial 

length 

sequences obtained 

1. 

D^0D=>02D01 

26 

0120022122201021001121 1102 


3 3 3 



2. 

0=02001 

20 

01221202001110211210100222 


3 3 



3 

D=02D=@1 

26 

0121120] 1 10020212210222001 


.3 3 



4. 

D302D=0D01 

26 

01222120101100211121020220 


3 3 3 



6. 

2D302D=@] 

13 

0121001011122, 


3 3 


0212002022211 

6. 

2D=^0D01 

13 

0121022111010. 


3 3 


0212011222020 

7. 

D^0D=@D02 

13 

0120022122201, 


3 3 3 


0210011211102 

B. 

2D^0D«0D01 

3 3 3 

13 

0120201112110, 

0210102221220 


It is observed that after 13 bits the sequence is an exact repetition of the 
earlier bits with positions of 1 and 2 interchanged. In the last four polynomials 
the sequence repeats itself after 13 bits. 

If the value of s is increased to 4, the length of the sequence corresponding 
to an irreducible generating polynomial may be 5, 10, 16, 20, 40 and 80, i.e,, 
there may be 16 sequences of length 6, 8 sequences of length 10, 5 sequences 
of length 16, 4 sequences of length 20, 2 sequences of length 40, or a single sequence 
of length 80. But if the polyncjmial chosen is reducible then we will have se- 
quences of unequal length depending on the initial conditions of the registers. 

When the sequences generated are not of maximal length i.e., L I 
all the possible permutations of the states do not occur. The length then obtained 
corresponds to a subset of the permutation and depends on the initial conditions 
The subsets are in general closed on themselves and mutually exclusive. 

So far we were discussing the sequences derived from generating poly- 
nomials corresponding to prime modulus. But in case of sequences obtained 
from non-prime modulus such as ‘quaternary* or ‘sextic* sequences (t.e. the 
sequences which consist of 4 or 6 different states) even if one chooses the prime 
polynomial, the length obtained is not equal to (w*— 1), the sequence breaks 
up into several subsequences depending on the initial conditionB. 
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Table 2 shows the quaternary sequences obtained corresponding to generat- 
ing polynomials listed. The maximum length for polynomial of degree 3 is 14. 
There are 4 sequences of length 14 and a single sequence of length 7, totalling 
63 possible states. The sum of the lengths of all the possible subsequences of a 
given generating polynomial is equal to 1. 


Table 2 


generating polynomial 

longth 

sequencoH obtained 

D»0D0I 

14 

00131230231103, 

4 4 


00313210213301, 

01221112120331, 

03223332320113, 


7 

0022202 

D302D0T 

14 

01221310100333, 

4 4 


03223130300111, 

02113212031121, 

02331232013323, 


7 

0022202 

D»03D=0I 

14 

01211302123112, 

4 4 


03233102321332, 

00101312210333, 



00303132230111, 


7 

0020222 

D^0D^0I 

14 

01231300103312, 

4 4 


03213100301132, 

01330212111221, 

03110232333223, 


7 

0020222 


14 

01223330300313, 

4 4 


03221110100131, 

01132302133212. 

03312102311232, 


7 

0022202 

3D»03D0I 

14 

01223132320311, 

4 4 


03221312120133, 

00111230211301, 

00333210233103, 


7 

0022202 

3D®@D*©T 

14 

01233300301332, 

4 4 


03211100103112, 

01130232313221, 

03310212131223, 


7 

0020222 

3D'’03D»0I 

14 

01213302321132, 

4 4 


03231102123312, 

00101112230131, 

00303332210313, 


7 

0020222 



236 


N. B. Chakraborti and A. K. Mukherjee 

An observation of the sequences shows that the 4 sequences of length 14 
corresponding to a fixed polynomial consist of two pairs, a sequence in a pair 
being obtainable by interchanging the positions of one and three in the other, 

Similarly the maximum length for polynomials of degree 4 is 30. Some 
of these are symmetric with 1 and 3 positions interchanged and others are asym- 
metric. 

Properties 

The first point to note is that the sequences have zero or nearly zero average 
value over a specified length. This is true in case of a prime modulus. This 
properly follows from the fact that the length obtained is the permutation of all 
the possible sets of states excepting 000 ... 0, the different states occur equal 
numbers of times to enable the average value to be zero. But in case of non- 
primo modulo the sequences do not contain all such permutation and so the 
average value is in general not equal to zero. 

The modulo sum of two members of such sequences gives rise to another 
sequence whether the sequences are generated corresponding to a polynomial 
of prime or non-prime modulus. The sequences thus obtained are the shifted 
version of the sequence or its conjugate {i c., the same sequence with 1 or 2 posi- 
tion interchanged in case of ternary and 1 and 3 position interchanged in quater- 
nary). This is in general true for any shift-register generated sequence. 

Considering the aperiodic auto-correlations of the sequences of length 13, 
we see that the side-lobes are l/8th of the peak. The periodic auto-correlations 
of such sequences are also foimd to be of the same character. The cross correla- 
tion properties of such sequences are found also to be very good. Unfortunately, 
however, the correlation properties of sequences of larger length are not that 
good. This is true for sequences generated corresponding to polynomial of non- 
prime modulo. They are good enough to be used in connection with correla- 
tion detection method. Thus generally, we can say that correlation properties 
of the multilevel prs’s are same as that of binary prs’s but the ternary sequences 
of length 13 have the unique properties of a correlation as described earlier and 
they may be classified as optimum correlation (Golomb & Scholtz, 1966) ternary 
prs’s. This correlation output is shown in figure 1. 


Fiouku 1. Digital matched filter output of a 13 bit ternary pra with digital delay. 
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The power speotnun of the multilevel pra is of the same nature as that 
of the binary pra. The minima will occur at a frequency equal to the multiple 
of the pulse repetition frequency (prf). The first maximum occurs at //jfc, 
whore /is the prf and is the number of bit in the sequence. The other maxima 

occur at ^ ~ 2~^) f A; = 1, 2, .... 


Error Prohahilities in Ternary Decoding 

In ternary coding on amplitude basis the three states are 0, 1, and —1. The 
decision circuit will include a threshold element with a level of \a\. The output 
will be recognised as 1, if input exceeds a and —1 if the input is less than ~a 
and otherwise as zero (i.e., it lies between —a and H-a). When a zero is 
sent an error would occur if \na\ is greater than a whore nc is the inphase 
component of noise. Similarly if 1 [or — 1] is sent the error would occur if 
(^SH-Wb) < a [or {ng—S) > —a], where S is the signal component. If the a priori 
probabilities of the states are represented as p(0), p(l) and p(— 1) the error 
probability is 

Pe = i’(0)i>«ol+?>(l)P«ll+i>(-l) A(-i) 
wliore ptyi is the error probability when A is sent. 

Now 

11 T ]■ 


Pe(-l) = 


Ps(0) = 1 - 


^ 

V27r(T 



In figure 2 the variation of error probability with SNR is plotted for different 
values of the relative threshold a/S. 



ITiQUBB 2. Error probabilities of ternary de-ooding. 
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Section 2 


Raalization of Suck Sequences 

For generating a ternary sequence the same ideas as employed in the case 
of binary are used The block diagram of such a system is shown in figure 3. 
Hero D represents tlie three level shift register element and 0 represents the 

mods adder. The multiplying units are represented by |2rl| or \x2\. 



Fiqxjiib 3. Block diagram of 3 level pre generator. 


In the diagram the logic is set according to the generating pol5moinial 
Z)^02i)20/ Q initial condition like 012, 121, 211, or any other permissible 
3 3 

sot is forced on the ternary shift register. The output of any of the shift register 
or the mods adder will give the specified sequence. 

In general, sequences we require circuits with more than three stable states. 
These circuits are quite difficult to build and the multi-level logic circuits are not 
available. So one has to take resort to three or multiphase systems. For 
these purpose one has to establish equivalents of shift register, multiplier and 
modulo adder. 

A direct method of generating pseudo-random phase shift sequences is to 
employ rf equivalents to the shift register element or the delay element, the 
modulo-p-adder and modulo-p-scalar multipliers, and interconnect them accord- 
ing to desired feedback logic. The shift register element would consist of a syn- 
chronised oscillator at a frequency of (either a 7i-phase oscillator or a Bubharmonic 
oscillator of order Ijn) to which a gated rf input is applied (the duration of the 
gates (gating time) must be such as to ensure that the phase of the oscillator is 
locked to the pliase of tho input after the period of gating). The states or levels 
here correspond to the different possible phases (mod 27r). The mod— adder 
would sum the phases of the inputs. For two inputs this is achieved by multiply- 
ing the two inputs. 

The inputs and outputs of any element are capable of being at any time in 
any one of the n states represented by the digits 0,1,2, . . . , n— 1 . The operations 
involved are synchronous i.e , the stored digits are forced to change at the same 





Multilevel 'pseudo-random sequences 239 

time as in any clocked system. Ordinarily, the time separation between any 
two possible transitions is fixed signifying that the clock rate is fixed. There 
are however, situations when variable prf may be used with profit. 

The behaviour of a given linear sequential network of the above type can 
be described in terms of the associated transfer matrix and the state diagram. 
The length of the cycle in a given network can be determined from the charac- 
teristic polynomial associated with the transfer marrix. One has to find the 
smallest integer k such that the characteristic polynomial divides X* — 1 with- 
out a remainder. 

The block diagram of a shift register element is shown in figure 4. The 
input frequency is multiplied 4 times and this is mixed with a frequency which 
is thrice that of the input. The difference frequency is taken out after passing 
through a filter. The input is gated and fed to a synchronous oscillator which 
may be a subharmonic oscillator of order Ijn and can have 7i different phases. 
The phase of the sync, oscillator will be locked to that of the input pliase if the 
input voltage is adequate, the switching time being dependent on inimt voltage 
and circuit Q. It is considered advisable to keep the circuit Q low during the 
period of switching and otherwise quite high. 





FiauuE 4. KF shift register for three phase system : — Unit phase shift for each circulation. 

In multiphase systems multiplication means change of phase. Multiplica- 
tion by 0 means that the component is absent, by 1 means it remains the same, by 
2 means a pliase change of 2nln, and so on. This can be incorporated only by 
extending the idea of shift register as showm in block diagram (figure 6). 



Figuhb 6. Fheise multiplier : — Phase of the output L times the phase of the input. 

The 5-ary sequence is multiplied by jL = 2, 3, . . . or w according to the 
I'equirement and mixed with a signal of frequency (L— 1) wf. The difference 
frequency is selected and is fed to the sub -harmonic oscillator. The output 
of the oscillator wilfbe in same phase as the input to it if the conditions discussed 
with shift-register are satisfied. 
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Another basic circuit of importance is the modulo addition circuit, block 
diagram of which is shown in figure 6. Here the product, of the two inputs cos 
and cos (too+^fia) >8 taken and is mixed with a signal of frequency coq. 
The output signal phase will be equivalent to the signal whose phase is the sum 
of the two phases. As the phases are distributed in an equispaoed closed field, 
the sum follows modular logic. 



Oes^rtu,* 


FiGUBffi 6. Phase adder (modulo) : — The output r f. corrior phase equivalent to the sum of 
the two mput signal phases. 

Now these basic blocks can be connected in the same fashion as stated 
earlier corresponding to the generating polynomial and we will obtain the desired 
sequence. 

To generate polyphase codes discussed by Prank (1963), one can use the 
mod-jo adder described above in combination with a shift-register in a feedbaolc 
arrangement. For example if the code is 0,0, 0,0; 0,1, 2,3; 0,2, 0,2; 0,3,2 1; one 
recognises that it is required to introduce phase advance per bit in the different 
blocks of length four of amount for the w,th group. This can be achieved if 
one of the two inputs to mod-4 adder is obtained from a phase shift type ring 
counter, the other input being the output of the shift register. 

The multi-phase output can, if desired, be modified into multilevel output by 
multiplying the multiphase voltage with a voltage having selected reference and 
passing the output through a low pass filter. For example in a ternary system 
if the phases of the outputs are 0“, 120°, 240°, then multiplication by a voltage 
at a reference phase of 90° wiU give outputs proportional to 0, 1, — 1. 

Section 3 

Use of Multilevel Ternary PR Codes for Communication 

Multilevel prs may be employed in any pulse digital modulation system 
by replacing the single jmlse or state by the coded sequence. The additional 
unit required is a filter matched to the particular sequence. 

PCM 

In cose of pulse code modulation the analog signal is first converted iafc> 
a ternary code and then these ternary codes are used as the initial condition of 
the sequence generator. For analog digital conversion, two types of systems 
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which are in fact direct extensic^ns of the concoptB involving in binary Analog/ 
Digital converter have been found suitable. 

In the first system analog signal is used to width modulate a pulse. The 
greater the amplitude of the sample of the analog signal larger is the width 
of tlie pulse. Tliis width modulated pulse is now used to gate a train of clock 
pulses. Larger the width greater is the number of clock pulses allowed to pass. 
^’lle number of clock pulses are counted in a ternary system. 

The ternary counter is comiDosed of a ring counter of order throe. When 
tlie last stage of the ring counter is changing from 1 to 0 then only it can change 
the state of the following ring counter. 

The block diagram of the system is shoi^Ti in figure 7. If .^4^ of the system 
is ON then wo will have a ‘zero’ in the position corresponding to the value of j. 


-U. -1 I,- I 



1 r Bj is ON we will have an ‘one’ in the position denoted by suffix j and if Cj is 
ON we will have a ‘two’ in the position of the suffix. As an example let us con- 
sider 19. Here looking into the ring counter we note that are ON, 

which can be represented by the ternary number 201. Now these initial condi- 
tions can be fed to the shift register generator. 

Jn the other system we must have an idea of the amplitude of the signal. 
This gives us the knowledge about the digit of pulse the code consists of. For 
simplicity of discussion let us think that the maximum amplitude is less than 27. 

The block diagram of the system is shown in figure 8. The input is first 
divided by 9 and this is fed to a three state device. The output of the three 
fatale device should correspond to the amplitude of the input both qualitatively 
4 
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and quantitatively. The output ia subtracted from the input of the three state 
device and it is divided by 9 and applied to another three state device. The 


»H*LO» VKTAM . 


hj y r 


FiauBE 8. Allornativo form of tez’nary counter. 


same method is followed in the last stage also, and we get the state of the device 
as the code corresponding to the amplitude. This may similarly be used as an 
initial condition of the sequence generator If the maximum amplitude is 
more than 27 wo have to increase the number of stages accordingly. 

Birmry ternary conversion 

Since most present day data systems use binary mode, a binary to ternary 
converter would be very useful. At the moment the only technique available 
is to decode the binary /ternary code and then encode in teruary/binary code. 

# 

The decoding scheme is just as in binary. Here we have to select the 
weighted maximum and then add thorn up to get the amplitude back. 

PPM 

Ternary pr codes of length 13 are seen to have a high resolution in time, 
such codes are useful for ranging. To obtain PPM signal the analog signal 
is converted into quantised sample of amplitude and these are used to position 
modulate a series of pulses. The position modulated pulses can be used to 
trigger the prs generator. Thus the starting point of the sequence will now bo 
proportional to the amplitude of the sample. 

The function of the receiver is to decide from the correlator output about 
the starting time of the pulse. 

M-ary 

The sequences discussed earlier have little or no cross correlation if the 
integral is carried over the proper time period. In M-ary modulation one of 
the M alternative sequences is transmitted at a given time according to the data. 
The receiver compares the output of all M cross correlators and decides. The 
data signals in such cases are converted into PCM and the code is used as initial 
condition of the sequence generator. The receiver uses matched filter technique 
and finds out the maximum matched filter output by comparison. 
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ConclvdiThg Ramarhs 

In this paper methods of generation of multilevel sequences both on ampli- 
tude and phase state basis have been presented. Tt has been shown that utilisa- 
tion of phase logic results in considerable simplification in generation of phase- 
shift encoded raultistato signals and their processing. 
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Exact partition function of Ising model in magnetism in 
one, two and three dimensions in nonzero field 
By D. D. Das 

Department of Physics, Ravenshaw College, Cuttack-^, India 
{Received 16 March 1970) 

Exact partition function haia been obtained for Ising model m one, two and three 
diinonBions in nonzero field and it is shown that transition temperature and spon- 
taneous magnetization do not exist according to our exaot calculations with this 
model. 


Intboduction 


It iB well known that Ising model (Ising 1926) in one dimension is not ferro- 
magnetic. Two dimensional problem has been solved exactly (Onsager 1944), 
for non zero field) and also by approximate methods. Ai)proxiraato calculations 
have also been carried out in three dimensions (Newell 1953). Two and three 
dimensional investigations lead to a transition temiieraturo and spontaneous 
magnetization. Various tyxies of lattice in two dimensions have also been con- 
sidered. Here the problem has been solved for the linear chain, the two dimen- 
sional rectangular net and tlixee dimensional rectilinear parallelopii)ed lattice 
as shown in figures 1-3. The results (free energy etc.) of one dimension should 
follow as a special case of those of two dimensions. Suppose in one dimension 
we have got one row with L sites. In two dimensions we have M rows and L 
columns. ]f Jf = 1, one dimension becomes a special case of two dimensions 
and two dimensional case should be a special case of three dimensions. 


H . 

2 J 4 


Fig. 1 



Fobmulatton of the hopel 

A solid consists of crystals. All the crystals behave exactly in the same 
manner. Inside the crystal along A-axis there are L equidistant sites, the distance 
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between two nearest neighbours being a, along Y axis there are M equidistant 
sites, the neighbouring distance being b, along the Z axis there are N equidistant 
sites separated by a distance c. For one dimension M N = I and for two 
dimensions N ~ 1. In a magnetic field in each site the spin can have two orien- 
tations only, -|-1 and — 1. Interaction between two neighbouring spins along 
X axis is measured by 2Jj, along Y axis by 2J,^, and along Z axis by 2J^. In 
one dimension = 0 and in two dimensions = 0. Wo consider only 

the nearest neiglibour interaction. We represent the spin of the {I, m, w)th site 
by (Timn and O’lmn^ ±1-- The crystal symmetry is defined by o-L+imn = o-imn> 
f^iM+mn — ^imn and (TimN^n = ^imn‘ Inside a crystal no site is to be preferred to 
another site. Statistically all the sites arc equivalent. Consider the arbitrary 
{I, m, r?.)th site anywhere in the crystal. Tn one dimension it will have inter- 
action with two nearest neighbours, in two dimensions with four nearest neigh- 
bours and in three dimensions with eight nearest neighbours. Energy of //th 
site in ojxe dimension will be given by 

El = ... ( 1 ) 

with (Ti = ±1, d=l and cri_^ = ±1. 

Here fi is magnetic moment per site and E is magnetic field. This will result 
in eight (— 2^) values of energy : 

— — p/E j fiE and 

In two dimensions the arbitrary (I, m)th site will have energy given by 
~ ( 2 ) 
The thirty two (= 2®) values of energy will be given by 

fi/E — 2J^-\-2J23 iiE-\-2J'j^ — 2i/2, 

^E — fiE — 2J 2 — 2t/2} fiE^ — fiE, fJ/E, 

liE-\-2Ji, fiE—2J^, /lE, fiU, /iE-\-2Ji, iiE—2J^f fiE, jiE, fiE’\'2J^, 

fiE — l^E f fiE, — [jlE ~\-2J •^-\-2J — 2»/j-{-2i/2, — nE-\~2J^^ 
— /tH-f 2Ji— 2 / 2 , —fiE—2Jy^-~2J^, —fiE~2J2, —fiE—2J2, —fiH—2J2, 
-fiE-2Jj_, ~/iE, -/lE, ~/iE+2Ji, _^,H-2Ji, -/iH 

and —fiE. 

Some of the energies are of course repeated. Similarly in thi’e© dimensions 
the arbitrary (?, m, tt)tli site will have energy given by 

^Imn — — ^ i^lntnP’l-imn JiP'mnf^lrn+in i^lmvP'lni-in 

— J i^lmn^lmn+i '^3^iwnO'lw»n-l ■ ■ ■ (®) 

There will be 128 (=: 2’) energy values. 

l~L> n*=jr 

The total energy of the crystal will be given by B = E 

The average energy E Avill be however LMN times the average value 
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Pabtition Function 

The ijartiiion function is given by 
_ E* 

IZ — Hi B ^ 


where k is Boltzmann constant, T is absolute temperature and E* is a possible 
energy value. Free energy is related to partition function by 

F = — *^rin Z ... (6) 

If T^mn be free energy per site, total free energy will be given by 

F = LMNFimn ...( 6 ) 

Let Zimn bo partition function per site. 


But 


So 


F = LMN Fifnn =-kT\nZ 

^ ^ - (7) 


^imn — — kT\n Zimn (8) 

L_ 

ZiMn={Zf^'' or Z = ...(9) 


Ei 

Let Zimn be given by Zim„ = S e kT 

i 


Eimn 

2 e — kT O'lm+ini CTlm-int O^mn+lj ^Imn-l)! ... (10) 

^lmn> ^l+\mn» *^^mn -i ~ i 1 


Thermodynamic Functions 

The various thermodynamic functions are related to the free energy. 
Average energy E, average magnetic moment M in magnetic field H, spontaneous 
magnetization {M)s=q, entropy S, specific heat Cy, susceptibility Xi spin average 
< cr > and spin correlation < (ra-' > are given by the following relations 



... ( 12 ) 
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dF 


- 


dT 


'=(12-)... 


•-. lmn> LMN/t, m 


< O'O'' >1 — <^^lmn<^l+\mn > — — 


1 dF 
LMN 




1 ^ 
LMN dJ^ 


(13) 

(14) 

(15) 

■ ( 16 ) 


» 1 dF 

< cro-’ >3 = < ^ 


(17) 


Construction op Partition Function in one Dimension 
We immediately get the partition function Zi (figure 4) 


Zi=^ £ 

= ±1 


El 

g ai-H» t^i. <^i-i) 


~ e kT -fc 4-6 kT 4-e kT 4-2e A32'4-2c 




= \efci'4-c ®j\e*2’ + e 


= 8oh oh» .-i . 
kT kT 


... (18) 


Z = 8‘ohi ch'* ,4- 
kT kT 


... (19) 
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PABTITIOlSr FTJNOTIOUr IN TWO DIMENSIONS 

Easily we get partition function (figure 5) 

/iH-\-2Ji’j-2J2 fill — 2t7] + 2 J 3 fi H-\ -2J 2 — 2.72 

Zij^ = e ' ~ kT ~~ -{-e kT -f2e kT ^ +e 

|iJf-2Ji^3£2 nil— 2^ 2Ji 

_|_e ~ fcT ” +2fi -^-26 AiT +4e AT 


— [xJT “ ^IST 2«/i “t" 2t7a — ^jET— 2i/i -|- 2«72 217*1 -“2t7^3 

-]_4^!AT +e at +e AT^ +e kT ^ 

— /aH — 2i/i — 2i72 — /tfrH-2«7i — //.JEf— 2»7i — jiff + 2(72 

4 . e ~kT -f 2 e AT -|- 2 e ~~kT “ 2 e AT 

-Jlff~2J3 

+ 2 e at 


[iff Jiff --?\2 

^ f eAT_^e-M' j/eAT+e ATj f e AT -j-c ATj 


-SJ.hg.h-j'i.h.jJ 


Z = 32''“oh^" ^ ( 


... (2(5) 
... ( 21 ) 


Pabtition function in thbbb dimensions 
In a similar manner we get partition function for the three dimensional case. 


, jiH jiff, 

1 y j; 

Si 

1 

u 

+ 

<a> 

li 

)(e* 

128 ch ch2 


kT 

kT 

= \2^LMN q\^LMN 

fiH 

kT 


ch2 A^ch^A 


kT 


kT 


kT 


kT 


kT 


... ( 22 ) 

... (23) 


We easily observe that by putting iV = 1 and Jg = 0, free energy for the 
two dimensional case follows from that of the three dimensional case and by 
putting M = N ^ \ and ifg = Jg = 0 (or by putting JIf = 1 and 
the two dimensional case) in the three dimensional case we get free energy 
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the one dimensional ease. It is better if i/ ^ 3, Jf ^ 3 and ^ ^ 3, otherwise 
we cannot get two neighbours inside a crystal. Normally L, M and N are large. 
For sites in extreme position, one of the neighbours is in the neighbouring crystal. 
If Zf = 2 say, o'artO'am — o'awo'irt fwo dimensions. A crystal can also be possible 
with L <'i, M <3 and N <3. 

Results 

One finds that free energy comes out to bo a continuous function of tem- 
perature and the derivatives of free energy are also continuous. There is no 
discontinuity in any order derivative of the thermodynamic potential and so in 
this model a transition temperature is not obtained and also not spontaneous 
magnetization. The earlier workers do not get a transition temperature and 
spontaneous magnetization is one dimension, but they get them in two di- 
jnensions. In none of our calculations, either in one, two or three dimensional, 
there is a transition temperature or spontaneous magnetization. This Is how- 
ever not Burpriaing because one dimensional calculations are expected to behave 
similar to the two dimensional calculations. The experimental results are 
shown qualitatively in figures 4-8 and theoretical values given qualitatively in 
tigures 9-20. 



Fig. 7 Fig. 8 Fig. 9 


5 
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€0N€LU8ICm 

We have the following expressiona for partition functions in various dimen- 


sions 


1 dimension Z — 8^ch^ ch®^ i 

kT kT 

2 dimensions Z = 32^^ch^^^— -i-oh^^—i. 

kT kT kT 


... (19) 
... (21) 


3 dimensions Z — 128‘^'^^oh^^-^ oh^MN ■^a 

l.m 1 m i"m 


kT 


kT 


kT 


(23) 


If we take 

.4 


S e O'lmn+l) f 

• O’lmn = ±li 


the result will be 

hT kT kT kT 

which will not give any qualitative difference. 

One may not like to agree with the fact that 


Z 


=( 


S e 

• ••fVimn = il.... 


5 kT) 


.. (24) 
.. (25) 

(26).I 


but one may say 


Z = S e 

■ •. Viron = ±1, ... 


J^L.m~M.n-N E,„, 

I_l, 1, n<*l 


I l^L, m— Af, nw^if 

S {^HiXimn + 27^1 vifuntri+imn + 27_a v 

_2 g I— 1, m“l, «—i -|-2730'tifiB<riinfn-i) 

•• > ^imn = ± I.-" 

... (27)-II 

It may be pointed out that the expression II is identical with I for free 
spins (i e. if == 0). However the expression II is a part of the 

expression I, so there will be no qualitative difference in thermodynamic results. 
For a ferromagnetic substance at low temperatures with the condition <r = il* 
there will be very few spins that will align against the magnetic field with v ~ — 1 
ttnd most of the spins will align in the direction of the magnetic field with <r — -f- 1 - 



252 


D. D. Das 


The two expressions will differ very little. It may be pointed out that con- 
sidering the two dimensional cases L = 2, M = 2^ N = I (16 terms), i = 3, 
M = 2, N = l (64 terms) and L — 3, If = 3, ^ = 1 (612 terms) as examples, 
we have evaluated the exact partition function according to expression II. We 
have calculated free energy, specific heat, magnetization etc. and have found 
that there is no spontaneous magnetization or discontinuity in the specific heat 
in the two dimensions. It would appear that the results of Onsager (1944) and 
Yang (1952) are not so reliable. 

The author is thankful to the Ministry of Scientific Research and Cultural 
Affairs, Government of India, for the award of a Senior Research Scholarship for 
carrying on this work. He is grateful to Prof. F. C. Auluck, D.Sc., F.N.A. for 
suggesting the problem. 
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Neutron bound ^-states in Woods-Saxon potential 

By Cieeaya Ganguly 
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Tho tS'-wttve bound statoa of noutrona m Wooda-Saxon potential have been invoHti- 
gatecl by calculating tho zeros of on tho nogative imaginary axis of tho 

complex fc-plano. Numorical rosults are presontod for the atomic inn.aa A = 200, 

Introduction 

Tn iho choice of a suitable potential between nucleon and the nucleuSj which may 
take proper account of the general properties of nuclear energy levels, 
emphasis has so far been given to tlic analytical convenience. The square- 
well and harmonic oscillator potentials are quite appealing in this respect 
since they are amenable to analytical treatment. However, these poten- 
tials have severe limitations. The harmonic oscillator potential becomes asymp- 
totioally inllnite and yields an infinite set of discrete eigenvalues, on the other 
hand, the square-well potential shows an abrupt change of nuclear potential 
which is not very realistic. Besides, neither of those potentials gives the proper 
level sequence. Investigations by Feenberg (1950), Malenka (1952) and others 
suggest that better level ordering can be obtained if the boundary of the nuclear 
potential is taken to be diffuse. Malenka has studied the problem of bound 
btates of a heavy nucleus with a potential which has precisely the analytic form of 
tho square-well in the interior region and exponentially diffused form in external 
region. Green & Lee (1955) have investigated systematically the energy eigen- 
value problem with a similar type of spherical-wcll potential having an expon- 
entially diffused boundarj'’ and solved the Schrbdinger equation analytically, 
but those authors have also taken account of the higher angular momentum 
states suitably approximating the centrifugal term The success of the most 
realistic diffuse potential of Woods-Saxon form (1964) in the scattering problem 
(koshbach 1968, Beyster et al 1966) have stimulated a number of authors (Ross 
ft at 1956, Nemirovskii 1968 and Ghosh & Sil 1960) to apply the same also to 
the investigations of the bound states of nucleons. Though this form avoids 
tlie unrealistic sharp comer of the exponentially diffuse edge potential, it brings 
Home complications in the exact analytical treatment, so that most of its appli- 
cations have so far been done by numorical integration of the wave equation, 
^^oss et al (1966) have used this potential to study numerically some-of the upper 
Htates of nucleons in nuclei with a spin-orbit interaction, Nemirovskii (1958) 
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has also dealt numerically the problem of bound states of a nentron in Woodsx 
Saxon potential including the spin-orbit interaction. The analytic solution for 
the /S'-states as given by Lawson (1956) is not of much practical value because 
of very slow convergence of the series solution. Ghosh & Sil (1960) have solved 
the wave equation with the above potential by applying the method of Lanezos 
(1938). They have considered higher angular momentum states with a suitable 
approximation for the centrifugal term. 

In the present paper we have calculated S-siate energy levels for the atomic 
mass A — 200 with Wofjda-Saxon potential using the expression for the Sq matrix 
as given by Benezo (1966). The results of Ghosh & Sil agree fairly well with 
those of ours. 


Theory and Formulation 


The interaction potential between the neutron and the nucleus, which is 
taken to be of Woods -Saxon form, is represented as 

V{r) = 


where R is the nuclear radius and a the diffusivity parameter. The analytic 
expression for the ^(,-matrix element with this potential, following Beneze 
(1966), is 


. r( i-2A) 

r(l— A+i^)r(— A+/A:a) r{\-\-ika)T{l-\-A-\-ika) 

r(i+2A) r(i- 2 A) 

r(l+A-i/fca)r(A-tifca) T{-\~Llca)T{\-X-Lha) 


where A 



2 ^ 1 ^ A-|-ifez, l-f-A-|-^^cj, yipj) 

aP’i^(— A— tfca, 1— A— ifca, 


A = V 




2M 


E 


V =-^ 1^0 0-^4 b = exp(— iZ/tt) 

M and E being respectively, the mass and energy of the neutron. <Sfo(A!) ma-y 
written as (Mott & Massey, 1966) 

s.W=/oW//.(-fc) 
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whore Jq^Ic) = Im /o(A;, r) and f^{±h, r) are linearly independent solutions of 
the radial wave equation for the scattering of /Sf-wave neutrons 




... (3) 


and have the asymptotic form 


M±K r)^Gxp{±ihr) 

The ^-wave bound states are determined by the zeros of SQ{k) corresponding to 
the zeros of fo{k) on the negative imaginary axis of the complex 7c-plane. The 
redundant zeroes of (fc) on account of the poles of {~k) on the negative 
imaginary axis need not be taken into consideration, since these poles 
do not correspond to the true bound states (Mott & Massey 1965). For 
numerical computation we note that 6 ~ 10"® 6^1 for the mass number con- 
sidered, so that the hypergeomotric functions reduced to 1 and (l+fe) -> 1. 
Writing A: = — tK where k is positive, we have from (1) and (2) for a bound state 
* 2 


C—C* s= 0, t.e., ImC — 0 


( 4 ) 


whore 


C = 


6^r(l-2A) 


r(l — A-|-Kn) r( — A“l-Ka) 

With a simple algebraic manipulation we obtain irom equation (4) 


coti^i^ = Tjp where tj (6) 

pBmy—ScoBy 

and y = fmpog r(l— 2t«J)— 2 log r(l+/t— ttf)]. 

For the square-well case a 0. Then we have y oc d, and hence 

cot j}i2 = — — — 

dp 

or 2 ? cot ^ — fc. (6) 

The expression (6) is identical with the analytic form given by Schiff (1965), 
Tlio required eigenvalues are found by solving the transcendental equation (5). 
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Results and Discussion 

To calculate the iS-state energy levels for tlie atomic mass A = 200, wo 
choose the values of the parameters in the potential function as Vq = 62 Mev, 
R = 1-26 and a — 0 52fm, which are the same as taken by us in the cal- 

culation of the neutron strength function (1967). 

Table 1 


I jSi I in Mov 


Levels 

Our results 

Kesulta duo to 

Ghosh & Sil 
(1960) 

Iai 

47.98 

48.1 

2a 

36.90 

36.5 

‘.ia 

21 09 

20.2 

ia 

3.69 

4.8 


In figure 1 we have plotted cot pR and r/ occuring in equation (6) as functions 
of d. The points of intersection of these two curves give the required energy 
eigenvalues which are sliown in table 1. For comparison wo have also given the 



Figure 1, 

corresponding eigenvalues as calculated from the energy level diagram given 
by Ghosh & Sil (1960). The values of the parameters used by these authors aie 
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Fo = 52 Mev, E = (M5 x lO-^^ cm. 

and 

a = 0*67xl0~i^ cm. 

The author is grateful to Professor D. Basu and Dr. N. G. Sil for many 
helpful discussions throughout the progress of the work. 
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A coincidence method for absolute measurement of 
incident energy of electrons 
By P. K, Bhattachabya* and M, R. Bhiday 

Department of Applied Physics, 8 G.S. histilute of Technology and ScieTice 
17, Park Mood, Indore-Z, M.P. 

{Received 3 April, 1970) 

A ooinoidenco method is devised for absolute measurement of energy of electrons upto 
6 MeV. The method makes use of the fact that the angle between the scattered and 
recoil particles is dependent on the relativistic energy of the incident electrons. Using 
fast coincidence tochniques and fast multiparamo ter analysis system in conjunction 
with fast directional scintillators like 'Phoswich' to detect the two particles, the method 
can be made accurate to ±1%. Employing thin foil targets, multiple soattering (Z ^ 6) 
and hence, the angular spread m the coincidence peak becomes small. Thus, it is pos- 
Bible to measure the beam energy at the target simultaneously with the scaitoniig 
crosa-soction without the necessity of making any change in the oxpei'imental set up. 

Intboduotion 

Electron scattering experiments require an accurate and absolute measurement of 
energy of incident particles at the target. In addition, it is necessary to monitor 
the beam energy continuously during the course of an actual run. By using 
internal conversion electrons, it is possible to achieve the energy measurernont 
with precision (Siegbahn 1966), using well known standard lines. We could have 
easily decided upon a suitable definition of the position of the line, if the conversion 
electrons emanated from an ‘ideal source’, without any inherent errors like Landau 
energy loss in the foil. However, in most of these cases, conversion lines from 
different atomic shells have different shapes especially for low energy lines than 
for high energy lines, thereby limiting the accuracy of tracing the centroid. Thus, 
even after knowing the energy standards with a high degree of accuracy the 

method proves to be only relative. Threshold C6renkov detectors (Bhiday ei al 
1968) have proved to be good alternatives for absolute measurement of the energy 
of electronfj near 6 MeV and have shown their use, also in applications of flux 
measurements. Unfortunately, the energy resolution for such counters becomes 
unsatisfactory below 2 MeV due to larger energy losses, while about 5 MeV there 
is a little change in beta (v/c) values of electrons with energy, rendering the Cerenkov 
method ineffective. The problem of absolute measurement of electron energies 

♦Computer programming and associated calculations were done while working in CBBN 
as a Visiting- Scientist with Neutrino Beam Studies Group in The Bireotorate of Nuoloer 
Physios Apparatus, 1211, Geneva 23, Switzerland. 
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in the range 2 to 5 MoV becomes important especially when measurements of elec- 
tron-nuclear or electron-electron scattering cross-sections are to bo undertaken. 
Such experiments are in progress in this laboratory with the help of a 6 MoV 
Betatron now made available to us to study the effects of (1) exchange terms 
(Bhabha 1936, Mbller 1932), (2) atomic screening constants (Bougal lOfll, Koch 
fit al 1904), and multiple scattering in various foils 

This paper deals with the design of a coincidence method for absolute beam 
ojiergy measurement and its monitoring and shows feasibility of determination of 
scattering cross-section in the same experimental set up for the eases of electron- 
electron, positron-electron and eloctron-nuclear scattering 

2. Theory of the Method 

Wo shall use the kinematic relations of collisions between two particles, 
which are relativistic and assume that an incident particle of mass collides 
with a free particle of mass where, subscripts 0, 1 and 2 hereafter denote 
quantities related with the incident, scattered and the lecoil particles, while sub- 
Hc-iipt G relates to the corresponding values in barycciitric coordinates (i.e., with 
reference to centre of mass system), shown in figure 1. 



FiGuiiE 1. ColliBion kmomnlicB for eiiergj'^ equation. 


The momentum and energy relationships form a Lorentz four vector and are 


held by the equations, 

m yA<^Vx—PoE) ••• C) 

<^Px^yA<^fA-P<:^c) 

= - < 3 ) 

E = yAE,+p^,) - ( 4 ) 

cp, = cpy^^ - 

and cV--E“ = 0 


whence, Q is invariant to the frame of reference. 
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Theao relations connect x, y, and z components of the momentum p and energy 
E, where py, along with Efc^ form a four vector. Applying conservation of 
momentum to tlie scattered and recoil particles (in C.M. system) we get, 

=- wi2*(V-l) ... (7) 

where jd and yc denote the values of y = ll{l — v^lc^)i of and mg. On putting 
Yd and yc in the relations for momentum of mj in barycentric and laboratory 
(LAB) system and simxilifying to evaluate them by substituting m^/mg = h, we 
get, 

(Yd^-mi-l-n^) = rcW-1)* ... (8) 

On further simplification we obtain, 

r«i-=(ro+^)/(l+2&yo+F)t ... (9) 

rc = (i+ro^)/(i+2«;y„+A;2)t ... (lo) 

From relations (9) and (10) the velocities of and mg can be found reducing 
to a simple expression, 

r» = rci = [a+r«)/2]* ... (ii) 

in the particular case of e— e or p—e scattering, as mjm^ or k equals unity. 

Using equation (2) and combining (6) and (6), one gets resolved components 
of momenta in x and y directions to find ultimately the relationships between 
angles in the LAB and C.M. systems. We get therefrom, 

tan 02 = — cot{d* 12) Iyc ... ( 12 ) 

and 

tan 0 i = sin 0*/yc(cos ^*-l-A;(yci/yd)) (13) 

The negative sign in equation (12) indicates that mg recoils on the other side of the 
collision axis, which can be accurately defined by collimator slits for the Betatron 
beam which is limited to a spot of a few mm. 

To get relationships of LAB angle 0i and 0g in terms of 6*, the centre of 
mass angle of scatter of m^, we solve equation (13), a quadratic in cos 6* using 
equation (7), and find, 

cos 0* = -yc iy cfc tan=^0 i±((l -fe’^) t an=^ 0i4-l)* . , . (U) 

yc‘*tan*@i+l 

The foregoing analysis, if applied to a non-relativistic case, makes the radical 
zero (or tan^©^ = ll{k^—l)) and fixes an upper limit to the soattering angle to 
90“, as sin @1 = Ijk — 1 for identical particle scatters. For fc < 1 the roots may 
be derived using equation (14), whence for ©j > 90"^ more negative root should 
be chosen and for ©^ < 90® only the more positive root must be taken. On eli- 
minating 0* from equations (12) and (13) for identical particle case, yci = yc» we 
obtain an absolute relation for computation of energy as, 

tan ©1 tan ©g = — y©"* = — 2/(l-l-yo) 


... ( 15 ) 
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Assuming O = 0i-f ®2 angle between the scattered and recoil particles, 

we find by proper substitution for tan and tan © 2 » 

tan d) — sin d*) ... (16) 

It can bo seen from figure 2, that for fic = 0.96 the angle Q> rapidly falls down to 
32° when 0* = 90°, showing a gradual fall in the angle of scattering between the 
particles as the incident particle attains relativistic velocity. 



FiauaE 2. Variation of angle O as a function of Pc for 6 * = OO". 



J’lotriiE 3. Variation of angle between the defining and the conjugate counter 
with energy T of the incident elootrons at the target. 
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The computations for angle ^ from equation (16) using symmetrical detector 
situation, are plotted in figure 3 for various kinetic energies. Thus, the energy 
equation can be used to check the accuracy of the beam energy at various stages 
during the experimental run by devising a multiparameter system in conjunction 
with a fast coincidence system to measure the coincidence counting rate by fixing 
the defining counter B and moving the conjugate A to a position, whore a maximum 
in coincidence counting rate is found. An accuracy of i3% can he achieved for 
incidtmt energies of the order of 2 MeV for an error of it 0.5*^ in the measuroinont 
of O. However, it can be seen that the accuracy improves by :J 0.0% at higher 
energies. This simple method of measuring coincidence in the scattered and recoil 
particles not only requires a thin foil of low atomic number (terylene, nylon or 
melinex) as a target but also depends on (1) true e—e or p—e scattering, (2) the 
statistical accuracy of tho experiment {i e. true/chanoo coincidence rate) and (3) 
energy spread and geometrical resolution of the beam and the d(3tector system. 

3. Factors Influrncing Particle Energy 

Combination of fast and a slow phosphor as ‘Phoswich’ (Wilkinson 1952) 
can bo used to detect the pailicles with highly directional properties. Fast phos- 
phors like NE 111, (full width at half maximum — 1.64 ns) plastic scintillators 
can be combined with slow phosphors like Csl (Tl) to realise a very effective and 
directional counting by a single photomultiplier. The fast phosphor would give 
a sharp spike on the leading edge of a gradually falling slope of the pulse due to 
slow phosphor when electrons pass both the phosphors. This type of ‘PhoswicU’ 
would, Iherefore, not only act as an anti-coincidence shield but also allow coupling 
of a computer system to the coincidence counters (Wiegand 1959), if an appropriate 
design of a collimator system is put in front of the defining and conjugate counters 
looking for a compromise between resolution and sensitivity (Hus&,k and Perinovii, 
1969). Further, by use of such a system no limitations are put on the solid angle 
of acceptance, even if one prefers to use surface barrier Ij^pe solid state dctcctorw 
having a depletion depth suitable to the maximum incident energy. Using an 
intense beam of electrons (from a 5 MeV Betatron) and thin foil targets, multiple 
scattering errors become small and take place only in the target plane so that its 
effects can be readily allowed for by computing the rms angle of scatter. The 
angular spread in tho coincidence peak thus produced, would not be so largo as 
to affect the energy measurement 

4. Accuracy Parameters 

We can evaluate the accuracy parameter for the system assuming a particular 
case of symmetry, whence, = 0a, or tan 0) = 2 tan ©a/l— tan^ = tan 202 
and similarly cos2©a = 1 — tan^0a/(l-j-tan^@a). From equation (16) wo get, 
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on simplification say, which on dif- 

ferentiation gives, 

dA/d®, = -2 Bin 20a = 

or dfio == {1+3(1 -fioW sin 2©ad©a/2A(l~/?o')-* 

One can calculate the error in the measurement of the incident beam energy to a 
near approximation, using the relation dT = 0.51(1— for a Imown 
inaccuracy of the meaeurement of angle ©g. Thus, moasm-ements of angle O 
with an accuracy of ±0°.l makes the system accurate to ±1 % in the measurement 
of energy (T), using the energy equation with symmetrical detector situation on 
either side of the beam. However, for simultaneous cross-section measurement 
with this energy measurement, one can move the conjugate counter to a place near 
the calculated value of 0, for a given centre of mass angle in which scattering 
cross-section is being determined and look for the exact position where coincidence 
rate becomes maximum. 

Calculation for this purpose have been done with the help of CERN computer 
ODC6400, and authors are highly thankful to Hr. J. B. M. Pattison, group leader 
for tho Neutrino Beam Study Group, and to Hr. V. M. Bhise, Reader in the depart- 
ment of applied mathematics of this Institute for continued interest and 
discussions, 
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Modulation effects in NMR. 

By C. Raohavendba Rao 

Department of Physics, Central College Bangalore University 
Bangalore 

{Received 24 September 1909, Revised 20 November 1969) 

While observing NMR absorption lines, it is the usual practice to modulate the 
absorption line with a sine wave of suitable amplitude and the resulting AC 
signal whose amiilitude is projiortional to the first derivative of tlio line shape 
function f/(^) is recorded where h is the value of the magnetic field from the 
resonance value. The jiurpose of this note is to show the effect of different 
types of modulation on tlie strength of the signal that is recorded. 

Let the modulation employed be f{i) ... (1) 

The out-put is proportional to g'{h){h-\-f{iW ... (2) 

where g*{h) is the first derivative of g{h) and h = H—Hq 

Let g{h) = ph ... (5) 

where p is a constant {i e , wc assume that the portion oi* the lino traversed by the 
modulation is linear). 

If wo use a phase sensitive detector, the out-put v of the PSD is 
proiiortional to the coelficicnt of sin <xii in (2). 

Let us asume that f{t) the modulation used has a periodicity u>. 

Then, 

f{t) ~ ao+<*i sill oif+Ug sin 2wt-\-a^ sin sin sin 5a)t ... (4) 

Expressing sin 2cji, sin 3 cot etc in terms of sin cot, we get 

f{t) = »u+sin aji[(ai+3a3)H-cos aii(2a2-h4a4)— 4^2 sin^ oit-{-6arjeo^^(jot— 

81*4 cos cot sin® cot—SuQ sin® cot cos^cot—la^ sin® a>f+8ag sin ^ wt 

Replacing terms within brackets by their averages, we find, 

V = k{a^-^a^-\-a^) ... (5) 

where A: is a constant. 

Special cases : If we use a full square-wave modulation of frequency oi 
and amplitude hfn we can write, 

f{t) — [sin sin 3tu^^-l/6 sin fiwf-f-... 
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In a similar way wo can show that, w is = khm for sinusoidal modulation, 

(khjn) for half square-wavo modulation and {khm) for saw-tooth type of 
105 loo 

modulation. Thus we find that we got the strongest signal if we use a full square- 
wave modulation. 

It is enough to consider the first four or five terms in (4) because the different 
types of modulation that we arc thinking of happen to be represented by fairly 
fast converging Fourier series. But care must be taken to sec, while employing 
,s(piaro-wave modulation, that uj is small so that 5cu is not large enough to affect 
the steady state assumptions made in the theory. 

The author thanks Prof. K. N. Kuchela for kind interest. 


Imhan J. Phyi>. 2tJ5.267 (1970) 

Vibrational spectra of o- and m -methylstyrenes 

By V. N. Vbrma and Kamalesk Sinoh 

Departvieni of Spectroscopy, Baimras Hindu University, 

Varancisi-5 India 

(Received 8 December 1909, revised 26 February 1970) 

Styrene is one of the important organic compounds which has attracted the atten- 
tion of a large number of workers The infrared, Kaman and electronic spectra 
ol styrene have been studied thoroughly by tStair & Colbelt (1935), Williams (1936) 
and Pitzor et al (1946). The infrared absorption spectra of its halogenated 
clci'iyatives and electronic absorption spectra of the three isomeric methylstyrenes 
have been studied by Ansari (1968). But in the case of its methyl substituent, 
no work on infrared and Raman spectra has been reported so far. The present 
note deals with the infrared spectra of o- and m-methylstyrenea. 

The compounds of L.R. grade quality were supplied by Kooh-Light Labora- 
tories, U.K. The infrared traces of the compounds were recorded in the liquid 
phase on a 13U Perkin Elmer double beam infrared spectrophotometer equipped 
with NaCl prism using a cell of thickness 0.05 mm. 

Both the molecules belong to the (7* symmetry with the molecular plane as 
the only symmetry element when we assume the vinyl and methyl groups behaving 
as a single atom. The 61 normal modes of vibrations are divided as 35 a (planar) 
and 16a" (non-planar). All the vibrations are allowed in infrared and Kaman 
spectra. 



266 V. N. Verma and Kam^ilesh Singh 

In making the assignments, assistance has been taken from comparison with 
the assignments of benzene by Herzberg (1946), styrene by Stair & Colbelt 
(1935), isomeric bromostyrones by Anaari (1968), isomeric methylanilines by 
Vorma (1967) and /(?-bromostyrene by Singh & Singh (1968) The assignments 
of observed bands with visual estimates of the relative intensity is presented 
in table 1. 


Table 1 . Fundamental vibrational frequencies and their assignments for 
0 - & m-methylstyrenes 


o-methylstyrene 

(om-^) 

rn-mothylstyrene 

(cm-q 

Species 

iC.) 

Assignments 

720 (10) 

687 (9) 

a" 

C-C-C bending o.p. 

770 (10) 

790 (10) 

a' 

C-CHa stretching 

807 (1) 

883 (4) 

a" 

C-H bonding o.p. 

913 (8) 

902 (9) 

a" 

= CBj bondmg o.p. 

991 (7) 

990 (8) 

«*' 

C-H bending o.p. 

1028 (3) 

1033 (2) 

a' 

C-C ring breathing 

1067 (2) 

1043 (3) 

a' 

CHj rocking 

1108 (3) 

1096 (3) 

a' 

C-B bendng i.p. 

1164 (2) 

1159 (3) 

a* 

C-H bonding i.p. 

1186 (2) 

1168 (3) 

a' 

C-H bending i.p. 

1222 (2) 

1194 (1) 

a" 

C-CH ~ CH 2 stretching 

1280 (2) 

1280 (3) 

o' 

= CH bending i.p. 

(group -CH ~ CHa) 

1310 (1) 

1310 (1) 

o' 

C-C stretching 

1390 (4) 

1383 (3) 

o' 

C-H sym. bending in 
methyl gi'oup. 

1418 (6) 

1418 (3) 

o' 

= CHa beinding i.p. 

(group- CH ~ CHi) 

1461 (7) 

1448 (4) 

o' 

C-H asym. bending in 
methyl group 

1487 (8) 

1487 (6) 

o' 

C-C stretching 

1562 (1) 

1676 (6) 

o' 

C-C stretching 

1690 (1) 

1692 (6) 

o' 

C-C stretching 

1624 (7) 

1626 (3) 

o' 

C = C stretching 

(group- CH = CHa) 

2872 (sh) 

2870 (sh) 

o' 

C-H sym. stretching in 
methyl group. 

C-H asym. stretching in 
methyl group. 

2970 (7) 

2962 (6) 

o' 

3060 (8) 

3032 (6) 

o' 

=* CH stretching 

(group-C H = CH^) 


N.B The corresponding mteiisity is given in the parenthesis. 

o.p. out-of-plane; i.p, =: in-plano; sh = shoulder; sym. = B 3 nximetno and asym. 
= asymmetric. 
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The authors are thankful to Prof. N. L. Singh and Dr. T>. K. Rai for interesting 
discussions. V. N. Verma is grateful to C.S.T.R. (Now Delhi) and K. Singh to 
U.G.O. (New Delhi) for financial assistance. 
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A preliminary report on the structure of glycocyamine hemi- 
hydrate, di glycine monopicrate and 4*(N-phenyl 
piperizino)-6-methoxy quinaldine 
By Sankaeananda Gtjha 

Indian Association for the Cultivation of Science, Calcutta-^2 
{Received 1 September 1970) 

The crystal structure determination of several biologically important compounds 
has been undertaken in this laboratory in order to explain their functions in 
relation to structure. A preliminary report on the structural study of three of 
them is presented here. 

1. Glycocyamine hemihydrate 

Glycocyamine or guanidoaoetic acid having the chemical formula 

NH 

I 

HN =C NH CCHj) 

I 

c=o 

I 

OH 

is an important amino acid. The colourless crystal grows as elongated prism on 
slew evaporation of an aqueous solution of the compound at room temperature. 

Rotation and Weissonberg X-ray photographs show that the crystal belongs 
to the monoolinic system with a = 5 , 09 A, h — fi.lfiA, c = 17.4:7 A and /? = 96.2 . 
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The only systematic absences are for O&O for k odd and hOl for h~\~l odd, indicating 
that the space group is P2^/n. The density of the crystal as determined by 
floatation method using a mixture of carbon tetrachloride and benzene has been 
found to be 1.526, while that calculated for 4 molecules of HN = CNHNHCHjj- 
COOH. iHgO per unit cell is 1.525. 

Complete three-dimensional data have been collected using multiple-film 
equiinolination Weissenberg technique with OuKa. radiation. Intensities of the 
spots have been estimated by visual comparison with a calibrated strip. Spot 
size (Phillips 1954, 1956), Lorentz and polarization corrections have been applied 
to the intensity values, after which they have been brought to an absolute scale 
The E value or the normalized structure factor has been calculated for each of the 
reflections. The structure determination is in progress. 

2. Diglycine monopicrate 

The importance of the first basic amino acid glycine in living systems is well 
known. All amino acids form additional compounds vdth various acids. Leveii 
& Van Slyke (1912) described an odd picrate of glycine, viz, (glycino) 2 .picrate, 

OH 

N02.CNH2CH2C00H)2 

NOj 

On mixing picric acid and glycine in the ratio of 1 : 1.5 by weight and freezing 
at 0°C, yellow tabular crystals of diglycine monopicrate are formed. 

The X-ray analysis reveals that the crystal belongs to the monoclinic system. 
The cell constants are a ~ 15.46A, b — 6.92 A, c = 15.24A and /? = 93.2°. The 
only systematic absences are OkO for k odd and hOl with I odd The space group 
is therefore The observed density of the crystal is 1 .55, while that cal- 

culated for 4 molecules of CaH2(N02)a0H(NH2CH2C00H)2 in the unit cell is 
1.54. Complete tliree dimensional data have been collected and processed as 
described above. Further work on it is in progress. 

3. 4-{N -phenyl pipermno)-^-methoxy quinaldine 

This compound is very interesting for its medicinal properties. It is an anti- 
spasmodic agent, both neurologic and musculotropic but it has no action on uterus 
Its chemical formula is 
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and molecular weight 323. The dull light yellow coloured crystal grows as 
long needles on slow evaporation of a solution of the compound in methanol. 
The crystal is orthorhombic with a — 8.46A, 6 = 13 45A and c = I6.60A. The 
observed density is 1 .14, while that calculated for 4 molecules of NaC 2 iOH 27 per unit 
coll is 1.13. The only systematic absences are Ohl for fc+l odd, hOl for h odd, 
hOO for h odd, 04:0 for k odd and OQl for I odd, indicating the space group to be either 
P7ia2i or P2ii„2i/a2j^jfn. The latter space group requires 8 molecules per unit cell, 
and to accommodate only 4 the molecule must have a mirror or 2-fold symmetry 
which is extremely unlikely in this case. The space group is therefore most 
probably P'm2j^. For this crystal also the tliree dimensional intensity data have 
been collected and processed. The structure determination is in progress. 

The author thanks Dr S. C. Chakravarty of Burrlwan University for allowing 
to collect the X-ray data in his laboratory. His thanks are also due to Hr. R K. 
Sen, H.Sc., for encouragement and to the Countiil of Scientific and Industrial 
Research, New Delhi, for financial assistance. 
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BOOK REVIEWS 


Physics of Hot Plasma 

Eds B. J. Rye & J. C. Taylor O. P. P. 466 XIV. 

Oliver is Boyd. Edinburg, 1970. Price £ 8. 

This book contains the lect/iiros delivered at the 9th ‘Scottish Universities’ Bummer School 
hold at Nowbattlo Abbey from 2fith July to 16th August 1968 and was sponsored jointly by 
Scotish Universitios and NATO This is a collection of lectures delivered on different aspects 
oi plasma by ommoiit people m the line, howovor, topics are airanged in proper sequence, such 
that tho subject i.s developed most logically. According to present I'evjewer the following topics 
are remarkably well covoiod (a) Kinetic theory of plasma (b) Waves and oscillations (c) Colli- 
sionlcsB shocks^ d) Collisionless shock waves. This is a welcome edition. This book can be 
treated as an advanced text and will be useful to research workers and students alike. At 
a first glance one may think this is a collection of theoretical lectures but actually excellent 
attempts have been mado to demonstrate how theory and experiments are linked up in 
hot plasma. Kinetic theory of plasma was disciissed at length by Prof. W. B. Thomson & C. 
Oberman; the theory of waves and oscillations by Prof. R. J. Taylor and plasma instabilities 
by E. G . Hams. The importance of computational problems and numerical methods in plasma 
physics and controlled thermonuclear research was demonstrated by Prof. J . Killen. Turbu- 
lence was discussed by Prof M. G. Rustridgo. The topics which are of current interest ‘Col- 
lisionless shock’ and ‘Collisionloss shock waves’ wore discussod by Prof, H. Volk and Prof. 
J , W. M Paul. These topics will surely receive more attention (both theorotically and experi- 
mentally) in near lutuvo. Tho theoretical and experimental aspects of production of plasma 
by focussed lasei beam were discussed by Prof. S. A. Ramsdon. Experiments on the production 
and confinement of hot plasma was covered by Prof. G. B. F. Niblet while optical diagnostic 
was given by Prof IJ. Aacoli Bartoli. Each topic is followed by an excellent uptodato biblio- 
gi'aphy. 

B. G. 


Correlation Effects in Atoms and Molecules 

Advances in Chemical Physics, Vol. XIV, 

Edited by R Lefebvre and C. Moser. 

Interscience Publishers^ 1969, 645 pages 

Recently tho field theoretic methods are being extensively applied to atoms, molecules 
and many areas of solid state physios. Calculation of accurate wave funotions of many-eloo- 
tron atoms and polyatomic molecules poses formidable computational problems. Hartroe- 
Fook and other solf-oonsistent methods are not suitable to deal with problems such as corre- 
lation and co-operative phenomena which are distmctly “many body effects”. 

The volume under review is a colleclion of papers which present field theoretic methods 
used in tho calculations of correlation effects in atoms and molecules. Of the 13 papers 
included in this volume, 8 deal exclusively with atoms and among the rest one is on the electron 
gas. With the exception of two papers, all deal with the extensions of “traditional”inothod8 
such as Hartree-Fook methods and Bethe-Goldstone diagram technique of the many body 
theory .The exceptions are by B. K. Judd who makes extensive use of group theory and by 
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V. V, Tolmoohev who makes use of angular momentum diagrams which aro quite interesting. 
The Editors hopo that this book will encourage the younger generation to work m this most 
promiBmg yet notoriously difficult and challenging area of physics. In the opinion of the 
reviewer, this is a very valuable book for those who are carrying out active research work in 
this field but those who want to have a bird’s eye view of the situation will find it difficult to 
follow most of the book. 

A, S. C. 


Cosmic Electrodynamics 
Piddington — John Willey cfe Sons, pages 305. 

This book IS a valuable addition to the subject which has appeal to both physicists and 
afltrophysicista. After giving a brief historical highlight of the subject, the author proceeds 
furlihor to present elaborately the various aspects of cosmic oloctrodynamica, namely cosmic 
plasmas, sun and solar activity, interplanetary medium, earth’s magnotosphei-o, geomagnetic 
(Usliurbaucoa, radio galaxies, ionospheric currents and other related phenornona. In the first 
four chapters tho basic principles are discussed. The rest t»f the chapters aro dovoted to solar 
Hystem and other interesting phenomena of geophysics lii many contexts the obsorval/ional 
results are doeenbod and are explained as far as possiblo with the existing theories. The chapters 
on galactic forms and radio galaxies are quite good. 

On the whole, this book provides an excellent overview of iho current status of many 
aspects of cosmic olcctrodynamios. This book will not only bo of interest to specialist in the 
liolrl but will bo a very useful monograph for both students and research worker as a text and 
lefcrcnco copy. 

R. D. 


Elementary Calculations in Biochemistry and Physiology 

J. A. Barclay and K. Wliito, Churchill, London (1969)-884'viii page9-20sh 

This book, according to the authors, is intended to help “the medical 
students in preclinical years, tho students of human biology in colleges of education 
and all new students of biochemistry and physiology who find that numerical 
calculation seems to hinder rather than help tho approach to those subjects . 
Of as 12 chapters, four aro devoted to topics of general or mathematical utility 
8.T. units, numerical accuracy, errors of observation and calibration curves. These should 
piovo very helpful to studonts just entering college for ooursos in chemistry or physiology 
whoso mathematical background is defloioiit. Five chapters describe elementary calculations 
conoei-nod with measures of composition, the pH scale, equilibrium constants, electrode measure- 
monta and osmotic phenomena. They provide a useful introduction to basic concepts, though 
tho thoorotioal treatment is at too elementary a level to be of value to students takmg degree 
coursoR in chemistry m preparation for specialization at the -M.Sc. level. In particulai', the 
chapter on electrode measurements appears to be too superficial on the theoretical aide. It 
would have been helpful to have discussed the physical basis and applications ofthoNemst 
equation more fully, 
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I’wo chaptoi’H on roHpiration, circulation and work and electrolyte and water balance 
deal wii.h calculationn of jotcresi m phyaiology. The purpose of the last chapter ‘non-calcula- 
tions’ IB intriguing : it merely- illustrates problems which are insoluble because an essential 
datum IS not available, or are not susceptible to numerical treatment. 

TJio book should bo of value chiefly as a preliminary aid to exorcising iho fear of even 
simple malihomatical troatmont, found so often among students of biology, The style of 
writing 18 calculated to hold tho interest of the student. There are few misprints — but wo 
may draw attention to the following — p 6, rnillicron for millimicron in tho table of small 
dimensional units; omission of the equation no. — (6) — from the equation on p. 37; ‘rolaoed’ 
for ‘replaced’ on p 78, 1 .16. Tho price of 20sh may disooiuago wido uso of the book by those 
for whom it is moant. 

A. N. 


Electrodynamics of Particles and Plasmas 

By Clemmow and Daugherty, Addison Wesley PuhlisMng Co. (I9fi9) 457 pages. 


The subject, dealt with in the present book though of recent origin, has developed so 
much during the past foui ilocados that it indeed appears a dilBcult task to compress it 
entirely into a single book. However, Clemmow and Dougherty, who have thomselvoH 
contributed so Bigmficantly to tho development of the subject, have done a groat service 
to tho readers by writing this book. Tt will bo found useful equally by those who 
to learn tho aubjeeij and by those who wisli to uso it as a roftwence book. The aulhois 
have clearly set all the physical prmciples and given the physical explanations of all tho 
results which they discuss in tho bonk They have given important reforenco.s at the o/ul of 
eaoh chapter, specially those which they refer in the text. They have also given some 
examples at tho end of each chapter so that tho reader may chock for himself if he has 
understood what he has learnt m tho chapter. This entitles tho book to be treated as a 
text book. 

The reviewer has great pleasure in recommending this book to the re.soareh workers on 
this fa.sciijatiT)g subject, which has been dealt m the book using both the partiolo and the conti- 
nuum descriptions. To some readers the book will look mcorapleto as far as the discussion of 
instability and the correlations is concornod hut the authors have indicated the texts to which 
a reader can refor m the case of tho fii’st topic and it is difficult to expect them to include all tho 
literature in development in tho case of tho second topic. 

The book contains tho following twelve chapters oovering about 450 pages : 

1 ) Introduction, 

2) Eloctro-dynamios 

3) Cerenkov and Gyro Hadiation ™ 

4) Dynamical Motion of a I’oint Charge 

5) Waves in an Ionized Gas : Magneto-Ionic Theory 

6) Plasma Streams 

7) Boltzmann’s Equation, 

8) Waves m Ionized Gases : Kinetic Theory 

0) Waves in Ionized Gases ; Kinetic Theory (continued) 

10) Micro Instabilities 

11) The Derivation of Magnetohydrodynaimcs 

12) Kinetic Equations in Plasmas 

In tho opinion of the reviewer it is an excellent addition to tho library on the subject 
and the authors deserve hearty congratulations on producing such an useful book. 

P. i. 
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The Raman spectrum of cyclohexyl benzene 

By R. N. Bapat 

Physics Department, Institute of Science, Bombay 
(Received 4 April 1970) 

(Plate — 9) 

Tho liaman spootrum of cyolohoxyl benzene baa been studied in the present investi- 
gation. About fourtoon Inios have been recorded. Tho Hainan and infrared spootra 
of cyclohoxyl benzene are disousaed in relation with those of benzene and cyolohexane. 

Introditotion 

Tlio Rarnan spectra of benzene and cyclohexane arc well known. Tho 
cyelohexyl heuzone is also known as phenyl cyclohexane or liexaliydro-diphenyl. 
Tlie structure can ho represented by tho substitution of one of the hydrogen atoms 
ill cyelolujxane by a phenyl ring. The infrared sjiectruin ol cyclohexyl benzene 
is already reported by the author (1962) and it was thought necossa-ry to study 
tli(i Raman spectrum of tho molecule and find the Raman frequencies and discuss 
the two sjioctra, since, no previous Avork has been done on this molecule in 
tins direction. 

Expebimbntal 

The Raman spectrum of cyclohexyl benzene Avas photographed on a throe 
jiriHin Steinheil spectrograph. Tho Raman source of Steinheil described previously 
by the author (1959) was used in the present investigation. Experimental details 
iU'c noAv well known. An exposure of eight hours Avith tliis source was necessary 
to bring out the details in the spectrum (figure 1). The frequencies of the Raman 
linos of cyclohexyl benzene are given in table 2 Avith intensities visually estimated, 
tlio strongest line being estimated as ten. 

Only principal vibration frequencies of cyelohexyl benzene along with correspond- 
ing ones for benzene and cyclohexane are given in tho above table. The 
fi‘e(iaencies are taken from Infrared and Molecular Spectra by Herzberg. 

DisonssiON 

The normal vibrations of the benzene molecule have been worked out by 
Wilson (1934) who has ascribed it to twenty distinct fundamental frequencies. 
T'hc benzene molecule is well known to have the shape of a regular plane hexagon 
and belongs to the symmetry group Dg^. This has been dealt with both thco- 
I'ciically and experimentally by Ingold (1936) and his coworkers. Of the twenty 
fundamentals of benzene seven (five degenerate and two non degenerate) are 
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Table 1. Principal infrared frequencies of cyclohexane, cyclohexyl 
benzene and benzene 


oyclohoxano cyclohexyl benzono 

benzono 



3039 s 

3021s 

(3044) (Haman) 

293.3 vva 

2932 vs 

— 

2841 (?)s 

28C6* vs 



1607* 8 

(1600) inactive m 
ben zone 


1588 8 

(1687) inaotivo in 
benzono 


1496 vs 

1479 vs 

1449 vvs 

1449* vs 

— 


1177 m 

1068 

1178 m 


1029*b 

1036 vvs 

1010 inw 

1006 



996* 

884 

993 

861 vvs 

863 ms 



829* in 

847 


778* 

— 


763 

— 


696 vvs 

680 s 


s-Ht-rong, vs-vory Kirong, vvR-vory very strong m-mcdium and inw-modiiim weak 
♦uoraiTnoii to both Hainan and infrarod. 

Table 2. Raman frequencies in cm"^ of cyclohexyl benzene 


oyolohoxano 

cyclohexyl 

boiizeno 

benzene 

Bubstituon i 


3068 (5) 

3061 


29.37 

2945 (6) 



2863 

2866 (6) 




2796 (6) 


— C — of cyclohexyl 




1 benzene 




H 


1607 (5) 

1606 


1442 

1442 (5) 




1203 (1) 

1178 

C — C substituent 

1029 

1030 (2) 




999 (10) 

901 



826 (1) 

847 - 



778 (3) 




624 (3) 

606 



280 (3) 


C — C subsiituent 




in plane 


147 (2) 


C — C substituent 




out of plane 
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Figure 1. Raman spectrum of cyclohexylbenzene. 
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ftllowed in the Raman effect and four fundamentals (throe degenerate and one 
non-dogenerate) are allowed in the infrared. Because of the centre of 
symmetry, fundamentals which are allowed in the Raman effect are forbidden 
in the infrared and the converse is true. 

In cyclohexyl benzene due to the substitution of CoHj^ in place of one of the 
JI atoms of benzene, the symmetry Dq* is reduced to if we assume the cyclo- 
liexyl group to behave as a single atom. The transformation pi’operties and the 
selection rules of the various symmetry types of this point group and the number 
of Vibrations of tho molecule belonging to each symmetry type are well-known 
(Sponer 1942). Oyclohexyl benzene may be considej’ed as a monosubstituted 
benzene. 


Infrared spectrum 

Tho principal vibration fi'equencies of cyclohcxyl benzene (Bapat 1962) 
along with corresponding ones for benzene and cyclohexane are tabulated in 
table 1. Under tho Ugw gioup all frequencies except the frequencies 
are allowed. 

In tho 0— H stretching region a band near 3039 om"^ obviously corresponds 
to one of the CH stretcliiug bands of tho benzene group. ISinco tho symmetry 
IS reduced it is likely that 3044 cra“^ of Raman spectrum of benzene may be tho 
one which corresponds to 3030 cm"^ in tho present case. 2932 and 2865 cm“^ bands 
arise from the CH stretching of the CHg group of oyclohexyl part and have been 
shown to bo as suoh. Tho prominent band 1607 cm“^ in the present case arises 
from benzene part and corresponds to either of tho 1606 cm“^, 1596 cm“i Fermi 
doublet ill benzene arising from C— C stretching. The shoulder at 1588 cm“^ 
may correspond to other component; the Raman Spectrum, however does 
not show a line corresponding to this Tlie 1495 cm“^ band hei’e corresponds to 
1479 cm~^, C-C stretching baud of benzene, whereas tho strong band at 1449 cm“^ 
corrcajionds to strong baud at 1449 cm~^ in cyclohexane corrsponding to CHg 
bending vibration. 1177 and 1029 cm~^ in tho x>resent case correspond to inplane 
hydrogen bending vibration of bonzone. The strong band at 996 cm“^ corres- 
ponds to symmetric streiohing of benzene ring 829 and 696 cm“^ in tho present 
case correspond to 847 and 680 cm"^ out of plane hydrogen bending vibrations 
of benzene. A very prominent band at 863 cm“^in the present case corresponds 
to out of plane hydrogen bending of the cyclohexane group. 

It is thus apparent that tlie whole spectrum can be conveniently divided 
mto more or less distinct groujis of bands arising from tho cyclohexane and phenyl 
part It is observed that tho frequencies are not markedly perturbed by tho substi- 
tuent iu cither part,. principally because one is aromatic nucleus with aromatic 
C— H bonds, whereas tho other is an alijihatic saturated ring with cyclic 
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methylene groups. The two have very distinct characteristic spectra. It is 
further observed that there are a number of frequencies which are common to 
infrared and Raman 8x>ectra and that cyclohoxyl substitution markedly relaxes 
the selection rules (jf group of benzene. The analysis of only the prominent 
bands is given here. The complete analysis shows that the spectrum can bo 
easily accounted for as a superposition of two siioctra when account is taken 
of the large number of fundamentals. 

Raman speotrum 

All the frequencies observed in Raman sjiectrum of cyclohexyl benzene aro 
recorded in table 2. The table also records the relevant Raman frequencies of 
benzene and 03 ^c]ohexane. It is observed that here again all the fundamentals 
active in the Raman spectrum of benzene are observed. 

In the Raman spectrum of benzene the frequency 991 cm“^ appears with great 
intensity. This can be correlated with the frequency 999 cm“^ present very 
strongly in cyclohexyl benzene. This may be assigned as corresponding to 992 
a^g breathing vibration of benzene. It has been observed that the monosubsti- 
tuted benzenes have a very characteristic Raman band near 620 cm"^ and this has 
been justified in the present case by the frequency 624 cm“'^ present in the Raman 
spectrum of cyolohexyl benzene and corresponds to 606 cm-^ of benzene. The 
frequency 1607 cm~i in cyclohexyl benzene can be correlated with the frequency 
1606 cm~^ in benzene. This is one of Fermi doublet at 1606 and 1586 cm”^ which 
is prominent in the Raman spectrum of benzene. It is worth noting that only 
one component of the doublet appears prominently. Again the frequency 2945 
cm"^ in cyclohexyl benzene can be correlated with the frequency 2937 cm“^ in 
cyclohexane. In the Raman spectrum of benzene there is a strong band at 
3061 cm“^ due to the C— H stretcliing vibration while a similar band is present at 
3068 cm~^ in the Raman spectrum of cyclohexyl benzene. 

A characteristic band at 2796 cm~^ with apparently no analogue in either 
case arises from C— H tertiary group at the substituted carbon of cyclohoxyl 
ring. Other frequencies in the Raman spectrum correspond to_ cyclohexane 
part. Apart from 2945, 2865 om“^ bands which correspond to S 3 rmmetric and 
asymmetric stretching vibration of CHa group, 1442 cm~^ corresponding to 
OHa bending is also shown in cyclohoxyl benzene. 

In the Raman spectrum the bands 1203, 280 and 147 cm"^ find no analogue 
in the spectra of either constituent. Apparently because of a monosubstilution, 
there should bo one (phenyl) C— C (substituting) stretching and one each 
inplano and out of plane bending vibration ; 1203 cm”^ possibly does not 
correspond to 1178 of benzene because infrared band at ]177cm“^ has been 
assigned to this mode. Thus 1203 cm possibly represents C— C stretching 
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and 280 and 147 in plane and out of plane aubstituont bending vibrations. 
It is important to note that all substituent modes are predominantly Raman 
active because of close similarity of substituents. Since both phenyl as well as 
cyclohexane do not have such low frequency vibrations in the range of 280 
or 147 and because of the large mass of substituent, the analysis of these is 
fairly correct. 
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Classical distributions of charged dust 
By A. K. Datta 

PJiytiics Department, Bangahasi Gollega, Calcutta, India 
(Received 17 April 1970) 

The paper coriHidore (ho equations of claBsical hydrodynamics and oloctromagnotiatn 

for a dislribution of charged dust. Somo general theorems and formulae are obtained. 

The problem of cosmology has been discussed previously by many authom on 
the basis of Newt-ouian mechanics; and the general conclusion reached that while 
there exists a close parallelism between Newtonian and relativistic cosmologies, 
there is one important difference in that Newtonian mechanics allows many modelK 
which have no analogues in the relativistic theory (Heclonann & Schuckmg 
1955, Raycliaudhuri 1957). In recent years there has grown up a consider- 
able literature on the statics and dynamics of charged dust distributions in general 
relativity, (De 1968, De & Raychaudhuri 19G8, Som & Raychaudhuvi 
1968, JTaulkoa 1969, Hamoui 1969, Raychaudhuri & Be 1970) and it would 
be of interest to examine how those results, obtained from general relativilty, 
compare with those from Newtonian theory. Indeed, it was pointed out by Som & 
Raychaudhuri (1968) that there did not exist any classical analogue of an 
interesting class of solutions obtained by them. 

In this preliminary investigation w'e present some general formulae by consi- 
dering the coupled system of classical hydrodynamical equations for pressureloss 
charged dust and Maxwell equations. 

We have not introduced the ideas of special relativity even — so that wo have 
not considered the electromagnetic energy density as a source of gravitational 
field and apparently our results can thus be of significance only for weak enough 
electromagnetic fields and velocities of dust small compared to that of light. 

The following results obtained seem to be of interest : 

(i) A formula for the charge density in terms of the electric and magnetic 
field vectors and the acceleration and vorticity of the dust. 

(ii) The result that, in the absence of magnetic field, the vorticity and electric 
field are orthogonal. 

(iii) A theorem that if the magnetic field vanishes — ^the electric flux througli 
any element of area bounded by particles of the dust is a constant of motion. 

(iv) For an irrotational motion in the absence of magnetic fields, the electric 
field vector is orthogonal to the surfaces defined by constant values of (<flp) 
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(v) A relation between the characteristica of motions (vorticity, 
acceleration, expansion and shear) and the matter density. 

There exists results closely analogous to the above in the relativistic 
investigations of Raychaudhuri & De (1970). 

The basic equations for a distribution of charged dust are ; 


P + (/3W<), i = 0 

(11) 

Vji = ^V,i-\-(Tlp{Ei~\-\fc etjcl VjeHi) 

(2) 

t 

II 

(3) 

Eiti = 47ro' 

(4) 

Hui - 0 

(6) 

— —Hilc 

(6) 

^'iki “ EJc-\~47rJi 

. (7) 

J i = (TVi 

(8) 

iHkl Vi^jt — ati 

(9) 


(), (f arc the matter and charge densities respectively, v, the velocity of the dust, 

E and TI the oJectric and magnetic field vectors and J the curj'ent vector. V 
indicates the Newtonian gravitational potential which satisfies Poisson equation 
(equation (3)), the comma followed by an index indicates differentiation with 
respect to that coordinate and the Einstein convention of summing over repeated 
index is used, is the Jjevi-Civita antisymmetric symbol. The conductivity 
of the charge is neglocted and the dielectric constant and permeability are both 

put equal to unity and cd is the voi’ticity vector. 


From (1) ^ +«(,, = 0 

whore (DjDt) signifies differentiation with the fluid 


I e., 


B 

Di 




dxi 


Now lot ^ 


... (10) 


... ( 11 ) 
... ( 12 ) 


Then from (10) {pQ^) — 0 ... (13) 

Again, on taking divergence of (7) and combining with (4) and (12) we get an 
liquation of conservation of charge viz. DjDt{(jQ^) =0 •»» (14) 
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Now tho field vectors as observed by an observer moving with the fluid are given 
by 

Et* = ... (15) 

and Hi* = Hi — 1/c. CikfJkEt ... (16) 

Taking the divergence of (15) and combining with (9) and (7) we get after a 
little reduction 

4na- = E*,, ^ ... (17) 

c o c 

Tliis may be compared with tho formula obtained from general relativity 

47r(T = E*;a+E^v^-2HaW^ ... (18) 

Similarly from(16), (5), (6), (9) wo obtain 

^‘ = 0 ... (19) 


whore again we have the analogous formula in general relativity 

IH = 0 ... ( 20 ) 

it may be noted that to our order of approximation — may be replaced by 
BO that for H* — 0 equation (19) yields 

Eicji = 0 ... ( 21 ) 

Under the condition of no magnetic field we obtain combining with (7), (4), (12) 
and after a little reduction 


^(^.03, = ^,63 g 


3 pO 
Q Dl 


or, 


D 

Dt\ 


P I' 


El dVi 
p dxi 


( 22 ) 


(23) 


Let us now consider two points A and B in the dust lying instantaneously 
on an electric line of force at a distance apart 


dxi — X 


Ei 


... (24) 


where A is a small constant. We have for the difference of velocity at A and B 
for the i-th component 

dvi , 

«IB-VU= g-y 
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with the help of (23) and (24) 




Now at an instant later by dt, when the particles arc at and 
we have 

dx'i — dXi~\-{ViB—V^AW 




Equation (26) shows that the relation (24) is not affected by the motion. 
Hence il S be the area of an element of a tube of force, we have from the conser- 
vation of mass psdxi = constant and from (24), EiS ~ constant i.e., the electric 
iiitoiisity varies inversely as the cross-sectional area of an eh^ment of fluid ortho- 
gonal to the intensity. Considering the curl of equation (2) and combining with 
(11), (12), (6) and (15) and after a little reduction we obtain 






Equation (27) yields in absence of magnetic field and rotation the result that , 
cleotric field vector is orthogonal to the surfaces defined by constant values 
oi‘ (ct/p). 

For the relation (v) we take the divergence of (2) and combine with (3), (4), 
(7), (9), (12) and after a little reduction we obtain 

- (28) 


Writing, 


Vi,k = Vik+ViJe 


Vk,t = Vi^—Vik 


we have 


{vui)^—Vi,j,Vk,i = — 


where again shear (^®) vanishes if and only if vijr — ie., the expansion be 
isotropic at the point considered and is positive otherwise. We have from 
(28), (29) and (16) finally, 


D^O 

0 m 




2 
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This may be compared with the general relativity result 


+^+0,.v‘+{f}.^E’ ( 31 ) 

The author acknowledges his gratitude to Prof. A. K. Raychaudhuri foj- 
valuable help and suggestions. 
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Theory of operation of the magnetic crescograph 
By Abun Kuhap. Gupta and S. D. Chatterjee 
S. and Centre^ General Scientific Instruments Organisation, 
Cahvtta-l'^ 

[Received 13 May 1970) 

In tht3 formulation of the theory of operation of the magnetic creacograph, tho concept 
of rigid body motion of an astatic pair of magnetic needles has been considered It 
has been shown that under exmtmg conditions, there is only one degree of freedom, 
involving rotation of the astatic pan about a vertical axis. ]')uring tho course of ana- 
lysis it has beon shown that tho sensitivity ol tho matruniont may bo altered by a simplo 
lionzontttl displacement of the suspending fibre holding the astatic pair, from tho tip 
of tho magnetic needle. 


Introduotion 

During hia clasaical roaearchea on photoayntheais, Bose (1924) devised a special 
liidiometor for the determination of the energy of different rays of the solar spec- 
trurn by measuring the elongation of a metallic wire coated with lampblack. Tho 
particular spectral ray falling on the wire was absorbed and thus raised the tem- 
perature proportionately to the energy of radiation. However, the rise of tem- 
perature was excessively feeble, being of the order of 10"^ °C; the resulting increase 
of length was so minute as to be undetectable by any method of magnification 
then available. Bose got over this difficulty by means of a magnetic device 
called Magnetic Grescograph, by which he obtained a magnification of about 
50x10® times or oven higher. 

A diagrammatic representation of the apparatus is given in figure 1 . is a 
length of zinc wire which becomes lengthened by the rise of temperature produced 
by absorbed radiation. It is attached by a hook to the short arm of a long mag- 
netic lever, the JV^-end of which is lovrered by any elongation of the sensitive wire. 
In front of tho iV-end of the magnetic lever is suspended a pair of astatic magne- 
tic needles with an attached mirroi'. As the JV^-polo of the magnetic lever is 
lowered it produces increasing deflection of tho suspended astatic pair, which is 
magnified by the spot of light reflected from the attached mirror. 

Using a prototype of the instrument, Chatterjee & Ghosh (1968) measured 
the magnetostriction effect in ferrite. More recently, Chatterjee & Gupta 
(1670) have developed a new method for magnifying galvanometer movements, 
utilizing a modifled version of Bose’s original magnetic crescograph. A theoretical 
treatment of the mode of operation of Bose’s original instrument is given below. 
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Figure 1 

Theory of Magnetic Cresoograph 

Lei the two magnetic needles m and n's', each of pole strength w, be aitacl^od 
to a vertical rigid lamina (as indicated in figure 2) so that their poles are at the 
positions : 

n{-\-a, 0 , 0 , — 6 ), 

7i'(—a, 0, —6), s'{~a, 0, 



Figure 2 
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with reference to a body axes frame which is along the piincipal axes system 
of the lamina and with its origin at the centre of gravity G. These positions of 
the polos with reference to are the same for all positions and orientations 
of tlio lamina. A fixed frame of reference Oa^z is so selected that initially Oxyz 
and Os-is vertical. Let an isolated A-Pole of strength M with its initial 
position with respect to Oxyz system at A(0, ]-/, 0), bo allowed to move in the 
circle : 

about the point (7(0, 0), such that at any instant of time i, its position with 
respect to fixed frame Oxyz is P[0,/+A(l~eos A), sin A], Due to magnetic 
aUpiaciioii and repulsion the vortical lamina containing the magnetic needles 
^^'ill suffer a displacement which is expected to be both translational and rotational 

Duo to translational motion the centre ol gravity G will be shifted to a new 
position G{Xq, y^^,z^^), as referred to fixed Oxyz, wlnle rotational displacements 
are determined by Kuloriaii angles (jt, 0, \jr Jf (^, y, bo the position of a point 
with respect to moving frame G^y^ and if (j:. y, z) be the position of the same point 
with respect to fixed frame Oxyz, then the rule of transformation from sys- 
tem to Oxyz system is 


X 


.ro 


y 


2/o 

+ 

z 


_^o_ 

. 


cos •\p C!OS (f) 

cos \jr sin 0 

sin xjr sin 0 

—cos 0 sin <j) sin xjr, 

-fcos 0 cos (j> sin i/r, 

—sin ^ cos 0 

—sin xjf sin0 

cos xlr sin 0 

— cosd sin 0 cos xjr. 

+COB 0 cos 0 cos xjf, 

sin 0 sin ^ 

—sin 6 cos (j), 

cos 0 


By the rule of transformation (1), the ijosition n{a, 0, 6) \Hli respect to moving 
flame G^y^ becomes 


n[Xo-4'a(cos ^ cos 0 — cos 0 sin <j> sin sin sin 0, 

«/o-— a(sin ^ cos ^-^cos 0 sin (j) cos ^)-\-h cos ?/r sin 0 , 

ZQ-\-a sin 0 sin ^-\-h cos ff] 

referred to fixed Oxyz frame, and similar co-ordinates referred to fixed frame Oxyz 
for .s, n', Since the instantaneous position of the A-Polo is P[0,/-l-i2(l — cosA), 
O’ sin AJ referred to fixed frame Oxyz, the distance 

~ [{ojo-f o(cos }Jr cos 0— cos 6 sin <f> sin sin ^ sin 0}^ 

— a(sin i/r cos ^-f cos sin ^5 cos \lr)-{~h cos f sin 0}® 
-l-{(»o-*--K.sin Aj+a sin 6 sin 0-f 6 cob 
ttud similar expressions for Pn\ Ps, Ps'. 
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Since the magnetic needles form an astatic pair, the geomagnetic field will 
have no effect on the lamina. The only controlling forces are the torsion generated 
in the fibre suspending the lamina and the weight W of the lamina which acts at 
0 vertically downwards The deflecting forces are the forces of magnetic attrac- 
tion and repulsion between the isolated iV-Pole at F and each of the poles n, 
s, n', s'. 


To calculate the kinetic and potential energy of the system, the different 
angular velocities about the principal axes are 



(i) (0 sin 6 sin ^r+6/ cos i/r) 

about 

0^ 


(ii) sin d cos v'/'— ^ sin 

about 

Gij 

and 

(iii) (0 cos 6^-hV/) 

about 

G^, 

where 

about 

dot represents the derivative with respect to time 
6?^, then 

t. If X ko the rotation 


( . . t ■ 

= J (0 cos 6-\-i/r)dt = cos 6-\- J {(j> sin 0).6.dt. 
0 0 


If bo the principal moments of inertia of the moving lamina, then the 

instantaneous kinetic energy is 

^ i \ ~ ^ sin j/r+ri cos ijr)^ 

L 9 

sin d cos ^/r—d sin cos 0+^)* j 

If the suspending fibre be attached to the lamina at L(0, 0, p) referred to moving 
frame then the twist of the fibre is x and the instantaneous potential energy 
arising due to rotation x is Icx^ where c is the couple per unit angle of twist of the 
suspending fibre 

If Vq be the potential energy of the system when it is at rest, then initially 
the instantaneous potential energy is 

V — V -A- Wz xMw, Mm Mm , I « 

Hence the Lagrangian function L is 

L=^T-V 

r W , . . 

~ H y V)4-l£(0 sin 0 sin 0 cos 
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sin e cos fS sin cos 0+^)® j 

r F -LTF^y ,Mm Mm Mm , , 

- [ Vo+ Wz,+ ^ - p,7-+io.;v“] . 

The six-co-ordinates, Xq, y^, 2 ^, 0, 0, ^jr completely describe the motion of the lamina 
under initial conditions 

*0 = 2/0 = 2 (, = 0 and ^’ = 0 = ^’ = 0 at f = 0, 
and Xq =^. ?/o = 2 (, = 0 and <!> = 0 = ijr = 0 at ^ = 0. 

La*,nange’s equations for the co-ordinates x^, Zq are 


■ , Mm 

*«+?•- If- 

3*0 L 

Pn ^ Pn‘ 

1 

P8 

-pA 

= 0 

... (i) 

• , Mm 

O I 

L Pn Pn' 

\ 

■ Ps 

1 

Ps 

1=0 

) 

... (H) 

, Mm 
-oi‘i7 -jy • 

-- \ 

dh !■ 

i -1- .1 _ 

Pn ' Pn' 

1 

Ps 

1 • 
Ps' . 

-4- 

11 

O 

... (iii) 


Integrating the equation (i) with respect to the equation (ii) with respect to 
;//o and equation (iii) with respect to 2 ^, respectively, 

w 

i V = -9 ^ [P»-i+P».'-i-P»->-P/-i] 

i V -g ■ ^[P»-*+Pn'->-P«->-P«'-»]-SB„, 

the constants of integration vanishing under initial conditions. 

One Deguee Freedom eor Small Displacements 

It may be seen that so far as Xq, Zq are small in order to satisfy the oondi- 
hons 

\x,\ <a-f6-{(a+&)*-J(a®+W 

I yo I < a+6-{(ad-6)a-i(a«+6»)}»+-R.(l-cos A)H-/, 

M< a+6-{(a+6)2-Ka«+6W+^ sin A, 
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{aa:Q(cos ^ ooa cos 6 sin 0 sin 0-)+6a;Q sin yjr sin 0 


— a(;j/o— ii.l— COB A—/) . (sin 0r cos 0 -f cos d sin 0 cob 0 r) 

+ 6(2/0 ~-R l— COB ^~/) ■ f?+a(3:o— A) . sin 6 sin 0 

+6(so— -/^ Bin A). COS 6 } j , approx. 

and siniilai* approximations for Fn'~^y Ps~^, Ps''^, 
where 

F a;o®~]-(;i/o— /jl. I— cos A—f)^-{-{zQ—E sin A)‘*4-a2H-6^. 

Tliese approximate values show that the expression P7i-^-\-P7i'-^—Fs-^~Ps'-^ 
vanishes upto tlio first order. Hence 

= 0, J?/o^ — 0, — —(JZq for all times. 


First two equations involving ^Pq yo> ondei initial conditions, give 
a^o — 2/0 — 0 for all times, 

while the last one involving Zq and Zq implies that only non-positive values ofir^n 
are poHsible. If Sq he negative, G will be. lowered which means an elongation of the 
suspending fibre. If the fibre having an unchanged length with its u^iper end at 
0 (0, 0, d) referred to fixed frame Oxyz, and lower end at L{0, 0, p) in G*^r/^-frariic 
or by (1), at L{Xff-\-p sin i// sin 0, yQ-\-p cos 0r sin 0, z„-j-p cos 0) in Oxyz frame 
then its present length equals to its initial length, — a condition yielding 

{xq -\-p sin 0/ sin 0)'^-\~{yQ~\-p cos 0- sin Sq— p cos OY — [d—pY (2) 

Since ajy = 2/0 = ^ equation (2) reduces to 

p^\xP‘0-\-{d—z^—p cos 6)^ — {d—pY 

For a possible negative value Zq may be substituted by — | Zq | and as a result 


cosO = 2Jz„J .<i42£ l-Jfol’’ since “■7r/2 < 0 < 7r/2, 

2.p.d!+2|zo|.p ^ 

Hence 1 iZo I [ 1 1 +2(d— p)] < 0 

As both \zq\ and d—p are positive, the only possibility is 


Therefore, 

^0 “ Z/o = =Zo = 0 for all times. 

In view of this result the relation (2) produces 0 = 0 which further proves 
X = ; X = i>+f. 
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Pn = [<»’“+{/+ gin \)i 

+2a{/4 ii;.r— COS A) . siu x]^ 
and similarly for Ps, Pn\ Ps'. 

\n this case, the Lagrangian function L becomes 

^ ^ X^~\ _Mm Mm,, .-i 

*■ I'n Pn' Pj “"“K' 

Laiigrange’s equation for the co-ordinate y is 
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d ( dL \ dL 

^\dxl 


which gives 


wJierc 


dl 


X+^X ---= 

Xa{/H-J? (I_cog A)}, cog ;v' 

if* ti _9 

[t free period of oscillation of the lamina.] 


dX f dy 


Since the lamina moves in ah- there nms^ n 

llio equation and so of 


... ( 3 ) 


X a[/-i-i2 . (1 —cos A)}cos x 
being the co-efficient of air damping, 

myZHjJZh Z “■!«» J. "tar .f ttm. 

Pn = [a‘+PH^-PA)‘+2a/x]t 

Ps = [aH/“+(6+iJA)'-f-2a/;i;]J 
Pn' = [o3+/2+(4+JJA)s_2a/;y]j 
Ps' = [a2 H-/3+{6- JJA)2-2q/A;]‘. 

U A be such as to satisfy 

|J2A| < (o3+26H/')*-6, 

tlw approximate value of Pm-> ig 

Pn-^ = ra®-h6a4-fai-3/a \ i_i_ afy) t 

'L ^ J 

““d similarly for Pg-» Pn'-i and Pg'-> 

3 
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These approximate values indicate that upto the first order of approximation 




\2hRX 


Hence the equation of motion (3) for the deflection x 
l2Mm ahfE 






. A 


( 4 ) 


provi ded | i2A | < (a® + 26^ -I -/®) ^ — b 


This diffei'ontial equation may be solved and may be obtained as a function of 
time t, provided the actual form of the variable A as a function of time t is known. 


Sensitiyity 


Lot the final steady value of A be A/ and that of x Then for final 

steady state, the equation (4) takes the form 


which gives 




\2Mm. 

h 


ahfR 


• 


« Xf _ 12Afm ahfR 

^ Xf c~- {i^W-¥pW 


(4a) 

■ (5) 


a quantity which is a measure of the amplifying capacity of the instrument and 
may bo termed as semitivity of the instrument. The expression (6) shows that 
8 increases with the increase of either of the quantities Mm, R and 1/c. Also 
8 depends upon the factor 


/ 

(a2+6a+/2)6/2 


For given values of a, 6, c Mm and R, 8 attains its maximum value 


16x12 
25. -y/ 5 


Mm 


abR 


when / = 


In view of the relation (4a), the equation (4) may be written as 
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This equation (7) completely describes the motion of the suspended part of the 
crescograph for small values of x ^-nd A. The equation (6) determines amplification 
for a particular setting of the instrument. If there bo an arrangement for varying 
the quantity/, the distance of the centre of gravity G of the suspended part from 
tho deflecting pole N, the maximum sensitivity (6) of the instrument may be 
reached when the particular value / = is adjusted. 
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Covalency reduction factors in symmetry and estimation 
of bonding parameters from magnetic data 
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The expresHioriB for oovalenoy reduction factors for orbital momout and S.O. coupling 
constant in the case of a complex having D^J^ symmetry have boon derived in terms ol 
mixing co-e/Iloients ol'the ligands with the central atom (bondmg parameters) and ovorla]j 
integrals. So far, no explicit expressions for covaleney reduction factors in an aniso- 
tropic complex have been given, only the isotropic case has been treated It is known 
that those anisotropic reduction factors can bo obtamed from magnetic anisotrojjy 
and susceptibility data. It has been shown that tho expressions for anisotropic reduction 
factors along with the magnetic data in tho case of complexes having synimotry 
provide a simple method to determine tho bonding paramel^ors oven wthout the help 
of epr or hyperfine structure moasuromonta. 

Inteoduotion 

It is now well established that the orbitals of the magnetic electrons of the iron 
group of ions are not of pure JW— type and are considerably modified by their 
admixture with the ligand orbitals. The motions of the electrons actually parti- 
cipating in the bond formation in the co-ordination complexes are polycentric and 
not monocontric as in the case of the single atom. In other words, charge clouds 
of such electrons originally belonging to tho central atom and surrounding ligands 
overlap one another resiilting in a covalent type of bonding. The consequence of 
this will boar significantly on some of tho properties of the iron group complexes 
Since magnetic properties and optical absorption in iron group ions are primarily 
dependent on the orbitals of the unfilled shell of the central metal atom, those 
will bo modified further if the central orbitals spill over into the ligand orbitals 
It is for this reason that tho orbital moment and the spin orbit ooupling co- 
efficient of the central metal atom appear to be considerably reduced in the 
complex from their respective free ion values. 

The mathematical formalism to describe tho motion of tho magnetic electron 
in the complex employs tlie method of LCAO-MO as developed by Van Vleck 
(1935). Following this method Stevens (1953) and Tinkham (1956) obtained 
expressions for the amount of the aforesaid reduction of the orbital moment and 
spin orbit coupling co-efficient in an undistorted octahedral complex, in terms of 
overlap integrals and co-efficienta of mixing of the ligand orbitals with those of 
the central atom, which may be called the bonding parameters * 
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Now a regular 0}^ symmetry occurs only in very few complexes and it is more 
realistic to consider them as distorted. In fact, the magnetic anisotropy of a very 
large number of iron grouj) complexes, studied in our laboratory, implies that 
all these complexes are distorted and such distortion will apparently manifest 
itself in the anisotropies in some other physical properties also. It is reasonable 
to assume that the covalency overlap of the central atom and ligand orbitals 
in distorted complexes should not be treated as isotropic, since the reduction 
of the dogencracy of the (Overlapping orbitals is inherently associated with symmetry 
operations otlior than cubic. The co valency effect then must partake of the sym- 
metry of the complex. 

Expressions for magnetic susceptibility and anisotropy of almost all ions of 
the iron group have been already derived in this laboratory on the basis of such 
anisotropic covalcncy effect. Using these exiiressions anisotropic covalenoy reduc- 
tion factors for orbital moment and S.O. coupling coeificient have also been 
evaluated w'ith the help of the experimental magnetic anisotropy and suscepti- 
bility data. Unfoii/unatoly, these anisotiopic values cannot bo used in Stevens’ 
and Tinkharn’s expressions for covaloucy reduction factors deduced in the case 
of a regular octahedron, to evaluate the bonding parameters. The purpose of 
this communication is to give similar expressions for square planar and tetrago- 
iially distorted octahedral complexes, and to indicate a way to evaluate the 
bonding parameters in these cases from magnetic anisotropy and susceptibility 
data. TJie procedure at the same tirao throws some light on the nature of the 
orbitals involved in the bond formation in these complexes. 

Molbotjlar Oebitals in a Tetbagonally Distokted XYg Complex 

We consider an octahedron distorted along the Z-axis, the central metal 
atom being at the origin (0, 0, 0) and the ligands at (ha, 0, 0), (Oha, 0) and 

d, h6). The local co-ordinate system for describing the ligand orbitals at 
each ligand site is taken parallel to the central co-ordinate system XYZ. We 
consider the most frequent case in the iron group complexes in which the central 
metal atom has a partly filled 3d-shell with no electron outside it and the ligands 
liavo all shells filled upto 2p, with outer shells completely empty. Our interest 
lies in the molecular orbitals of the magnetic electrons of the central atom winch 
were originally moving in pure 3d-orbit in the free atom. Sotting np of the mole- 
cular orbitals in a tetragonally distorted hexacoordinated complex is best achieved 
by (jonsidering the point group symmetry of the complex as Using the group 
theoretical method, linear combinations of the s and p valence orbitals belonging 
to the six ligands are constructed in such a way that the combinations transform 
iis the various irreducible representations of point group. Each of them is 
then admixed to the corresponding central atom 3d-orhital which spans the same 
ii’rerlucible representation. The antibonding molecular orbitals (denoted by ^ 
functions), thus obtained are shown below : 
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Aig = i'ri,[rfj»-Ai,K(l)-o-*(4)+<r,(2)-(r,(6))-Aj,{i7,(6)-cr,(3)}] ... (1) 


- 95*=_j,= = A^2a['^^“-!/"-‘^3.TKW-o-^{l)+o-.(2)-(r„(6)}] ... (2) 

= ■«^iJd«-Ai,{?>,(l)-i>,(4)}-As,{y,(3)-i)*(6)}] ... (3) 

JS ■ 

= J^xJd,,-Ai,te(2)-i),(r))}-A,Jy,(3)-j.^(6)}] ... (4) 

^2a -^xy ” ^27r[^a!j/ ^37r{i^|/(l) i^!i)(^)}] •■• (‘^) 


Since the magnetic electrons of our interest occupy antibonding molecular orbitals, 
we have used negative sign before A’s (the mixing co-efficients of the various ligand 
combinations) in the above expressions (1)— (5). The numbers 1, 2, 3 and 4, 5, C 
appearing with the ligand orbitals rr’s and p’s refer to the ligands on the positive 
and negative X, Y, Z axes, respectively We shall consider the p’s to be 2p„ only 
and the hybrid tr’s to be made up of 2p^ and 2.s only. The s part of the hybrid 
is added to the p„ part with such sign as to reinforce the interior lobe of the p„ 
orbital. Further, the 4s orbital of the central metal atom also spans the A^g 
representation of D^f^. But we have neglected its mixing with the dz^ orbital. 


Thus o‘„(l) = ain(9|2pa,(l)>-coa^?|25(j)> ... (6) 

while o’a.(4) = sin ^ 1 2p*(4) > + cos 1 2«(4) > , 0 < ^ < 7r/2 ... (7) 

The mixing co-efficients Ai^’s (i — 1, 2, 3) depend on the admixtures of 
and 8 in the hybrid and their relation is obtained as follows 

— A«„ sin 0|2p^(l)>— A<„ cos 61|25(1)> ... (8) 

= Aip,(2p,(l)>~At.|2.(l)> 

where Xip^ — A(„ sin 0 and A<a = A<„ cos 6; whence 

AV-AV+A^i. (9) 


The same relation (9) will })e obtained if we start with any other hybrid u 
orbital of the ligand instead of cr 5 (,(l). For directed orbital cos 0 ^ HinO 1/V2 
and Xip„ Xts xllV2- A^„. 

The normalizing constants N'b appearing in the molecular orbitals (1)— (5) are 
given by 

~ = l+2(AV+^V)-4(A,,S,,+A,,S,J (10) 

iTT 

= 1+4A«,,-8A3,S,, (11) 

= 1-|-4A*3.-8A,„.V (12) 

= 1+4A*2„+2A®2„— S/VS ■ (Ai.Sii,+Aj„Sja) 


(13) 
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where the overlap integrals of interest are defined by 

= <P*(2)ld2i,> = <Pj(l)l<i«> = <J>»(2)|d,y> = <p,(l) |(feq,> 

= - I = - <J>*(4) I d«> = - <p.(5) I d^> = - <p,(4) I d^> 

= <P*(3)|da»> = <P,(3)|(*„j> = -<P.(6)ld„> = -<p„(6)ld„,> 

‘V = «r„( 2 )Id*a-y!>> = <o-x( 4 )|d*=- 9 »> = •v/ 3 <(r*(l) |dz=> 

— 'v/5<!<7'y(2) jdz*> = <<^"^(5) I = — <(Ta(l) jda:3-y3> 

= -VZ<aJ^i)\dz^> = -V3<(<r,(5)|(ix.> 

Rm = V3/2<(r,(6)|&"> = -Vf/2«r,(3)|d3»> 

TJecauMe of the aniHotropy of the complex we have distinguished between the over- 
lap of the orbitals of the ligands in the X Y piano and that of the ligands in the 
Z-direction with the central atom orbital. Moreover, anisotropy of the complex 
introduces different mixing co-efficients A'b for different ligand orbital combi- 
nations depending upon whether the ligands lie in the X Y plane or along Z-axis. 

Jt should bo noted that the expressions (1) — (5) for molecular orbitals under 
Di,^ ])oint group reduce to those of pure Of^ case if 

= \/3A2„ = SAg,, — A,; 

AjtT “ Agjr = Ag„ — A;r 
and in pure Ok case Si„ — 
and ^ S^a = S„ . 

CovALENOY Reduction Factors 

Covaloncy reduction factors for the orbital moment in the case of tetragonally 
distorted octahedral complex are more numerous than in the Ok case; these are 
given by the following quantities : 


<.djfg 1 Zjf 1 


(14) 


(15) 

Mwtr) = 


(16) 

, 1 h 1 

K(n<r) = 

1 

A A 

>> 

a s 

V V 

II 

(17) 


<d„ k\d^> 

(18) 
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Covalency reduction factor for the spin orbit coupling co-efficient n) where 

i stands for x, y and z, m stands for tt and n stands for tt, cr and (t' are given by 
similar expressions in which k is simply replaced by The expression for the 
reduction factors defined above, obtained after calculating the relevant matrix 


elements occuring in the equations (14) — (18), are given below : 
hi(n n) = . (ig) 

2(^l7r^l/fH"^2Tr^^27r)"l“2Ai„A3^], . (20) 

Idz{tT(t) = N^„N2a[^ 4A3^5^1„ ^Ag^Asp^ 

- 20 A 3 ,. A 3 ,<yp(i)|a/a 2 /|«(i)>] . ( 21 ) 

~ 4Ag^^,o 2A,JJ^,^ 2A2„S2jr 

- 2 Ai,A 3Pa I d/ds I ^(S)^] . (22) 

K{7T(r') -= ky{7r(r') -= ^i„>^^iJl-4V3(AiAo+'^2o^^2a)~2(Ai„>SV„H-Ai^fia^ 

~2/V3Ai,A3p^-2/V3A2Ar.-2/VPtA/»a<iP.(5) I d/ds | .v(5) 

— S/SAa^Ags h<'py{q I djdy \ s( 6 )> J . (23) 


Hero, a and b stand for the distances of ligand lying in the XY plane and along Z 
direction, respectively, from the central metal atom. Since the spin orbit coupling 
is mainly determined by the intense field near the central nucleus, we shall assuiuf, 
that the matrix elements of ^li {i =:= x, y, z) between molecular orbital will be simply 
reduced in proportion to the noi-malization of the central ion wave functions 
involved : 


J*3(n-7r) = 

... (24) 

iJ,(7r w) = By{7T n) = 

... (25) 

ll^TT tr) ^ 

... (26) 

RJjtiT) = Ry{Tl<T) = Ni,N 2 „ 

... (27) 

Rxina-') ^ Ryina-') = 

... (28) 


We shall apply the above expressions in two cases : ( 1 ) tetragonally distorted 
hexacoordinated Fe®+ and (2) square planar complexes. The anistropic 

reduction factors for orbital moment and spin orbit coupling coefficient have been 
obtained from the magnetic susceptibility and anisotropy experiment, and will 
be used to estimate the bonding parameters using the above expressions for re- 
duction factors. 

Application to complex 

Magnetic susceptibility and anisotropy experiments on Fe(NH 4 S 04 )a, 6 HaO 
gives the following values of the reduction factors (Pal & Ghosh, in course of 
publication) 

^11 = k2{7r n) = 0.90 

tt) = 0.80 


jBjI = ft) = 0.86 

■^1 == RJJT tt) = By{7T tt) — 0,77. 
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Tlio theoretical expressions (19) and (20) contain five independent parameters 
Aa,,, Syjj. and hence those cannot be evaluated from the above four 
data. We therefore calculate one of the overlap integrals assuming a particular form 
of the radial function of the orbitals and knowing the ligand distances from X-ray 
data (Montgomery etal 1967). The throe bonding parameters Ai^, A^jr and 

the other overlap integral can then bo easily obtained. A self consistent tost of 
the nature ol the orbitals will then be automatically obtaiiied if the latter overlap 
integral so evaluated agrees with that calculated directly. We have used the Slater 
orbitals for the purpose X-ray results show that the ligand 0^*- are at 2 086A, 
2 1136 A and 2 IfibA, apart from the central Fe^''’ and the bond angles slightly 
deviate from 90“ , The overlap integral corresponding to the distance 2. 086 A 
is 0 077 as obtained from graphical interpolation of the values given in Jaffe’s 
tables (1953). Using the experimental values of the above parameters and this 
value of /Sott wo finally get 

A,, 0 24 

A,„ = 0.29 
^ 3 . = 0 41 
== 0.033 

.lalTe’s tables give the values of for the ligand distances 2.156A and 2 136A, 
as 0 067 and 0 069, re.spectively. Considering the uniaxial approximation, the 
mean value of is 0 068. Tn view of the approximations involved and lack 
ol desired accuracy of the experimental results, the agreement is fair 

Applica1w7i to complex 

Magnetic susceptibility and anisotropy measurements on CuCa(OH 3 COOH). 
Oil .j()( Biswas & Seiigujita 1970) the following values of the reduction 

t'lvc-tors ' 


k\\ — ks{7T(r) = 0.91 kj^ — kj^i^cr) — ky{ncr) — 0.78 

iiil = Rzincr) ~ 0.96 — Ryina-) — 0.84. 

X-ray results (Langs & Rare, 1967) show that four oxygen atoms are coordi- 
nated to Cu2+ ion forming a square planar complex and each oxygon atom is about 
1 971 away from the central copper atom Tn the case of planar complex, the 
ligand nos. 3 and 6 aro absent. Hence, the parameter referring to them (i.e. Ag^r) 
'vill not occur in the expressions (21), (22), (26) and (27). Further, following 
finkham (1956) we assume that 2p and 2*' form diagonal hybrids for which Ag, 
^ 3 rr/V 2 “ WO liEve a total of five parameters as in the case of Fe®+ 

ion and these are Aj^r, Ag^, Ag^ and 8^^, To evaluate them with the help of 
four expfti*imental data (k\\, ki, ll\\, R^) we follow a procedure similar to that in 
die case of Fe^+. Using Slater value of one of the two overlap integrals 
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and we treal; the other (aS'^^ say) as one of the four unknown parameters to be 
evaluated from the given four experimental data and then make a consistency test 
of bo evaluated, by comparing it with the Slater value. The Slater value of 
Sia is taken from Jaffe’s tables remembering that — l/V^ where 

overlap integrals between dx^-y^ and 2p^, 2s ligand orbitals, 
respectively. Corresponding to a distance of 1.97 A, comes out to be 0 118. 
Further, using Slater orbital we find that 

z* 1 qtA 

rt < 2p, 1 djdz 1 2s> - a<2py I djdy \2s> ^ ^ = 2.068. 

where Z* — 3.85 is the effective nuclear charge of 0^" 2s2p shell, and a is the 
metal -ligand distance (1 97 A), With the hell) above Slater values the four 

parameters A^^., Ag^, A^,, and aS^^. are then evaluated from the four experimental 
data using expressions (21), (22), (26) and (27). Unlike the case of Fo^+, the 
expressions in the present case being too complicated compels us to adopt the 
trial and error method of evaluation of parameteT’s instead of direct solution from 
the equatiojxs The following values of the parameters give the closest fit to the 
above reduction factors obtained from the susceptibility and anisotropy data ; 

Ai,, - 0.62 

Ag, = 0.01 

- 0.048 

The Slater value of corresponding to a distance of 1.97A, obtained by graphical 
interpolation of the values given in Jaffe’s tables is 0.046, Thus, the agreement 
is found to be surprisingly satisfactory. 

The values of the bonding parameters show that the tt- bonding is unexpectedly 
stronger than tr bonding in the complex. . Close study of the expressions (21), 
(22), (10), (11), (12) reveals that the large anisotropy in the reduction factors is 
solely due to tt- bonding i.e., if the n- bonding is completely neglected, the 
reduction factors Hf, kt reduce to isotropic expressions which cannot be used 
to explain the observed anisotropy in the reduction factors. So it is evident that 
anisotropic reduction factors along with the anisotropic expressions derived 
in the present paper are very useful in determining the relative importance of 
a and n bonding, 

CONOLTJSIONS 

(1) Expressions for co valency reduction factors for orbital moment and 
S.O. coupling constant in a complex of D^ji symmetry have been derived in terms of 
bonding parameters and some integrals involving metal and ligand orbitals 
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Magnetic measurements of susceptibility and anisotropy provide the values 
of these reduction factors and hence a simple method to determine the bonding 
parameters in an anisotropic complex. 

(2) The method of evaluation of bonding parameters depends on the type 
of radial function used to calculate some of the integrals and although lack of 
correct radial function suitable in the crystal is a limitation of the method, a 
consistency test for any assumed radial function has been indicated. 

(3) In the case of 0* system, there is only one parameter of each kind tt 
and (T. But when the system is tetragoiially distorted as in the case of Fe(NH 4 - 
SO 4 )a. 0 H 2 O, the three n- bonding parameters assume widely different values. 

(4) In the case of copper complex of symmetry the anisotropy in the 
covalency reduction factors is solely brought about by the presence of 7 r-bonding 
in tlie system. In the square planar complex of copper calcium acetate it appears 
that the degree of 7r-admixture is very high and even surprisingly higher than the 
^--admixture. 
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Triple gamma cascade studies in from the decay of 

By U S. Pande and B. P. Singh 
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Triple gamma angular oorrolaiion Hiudies have been done in from the dooav of 

1’a The correlation .studios bavc been done kooping two Nal (Tl) iletoctors in the 
plane of the liable and one perpendicular to it. Tho third detector detecting the thinl 
gamma ray of tho cascade was kept at various aiiglos. The cniToliilion function thus 
obtained arc as follows : 

For 68 koV™ 1122 keV— 100 koV cascade 

WiO) = l + (0.276i0.02r)6) P. (cos 0)-|-(O.OO21± 0.0322) P* (cobO) 

For 152 koV — 1122 koV— 100 keV ca.scade 

W{0) = 1 — (0.131^0.068) Pa (cos ^) + (0.124i0.082)P4 (cos(9) 

The multipolarities of tho 68 keV, 100 koV, 162 keV and 1122 koV gamma ladiations 
have been discussed. 


Intbohuotion 

Decay scheme of following the decay of has been Btudied by many 
investigators (Lederor et at 1965, Nuclear data sheets 1969-65). Keoontly 
Korkman & Backlin (1966) and Daniel et al (1964) have studied the internal (jon- 
vorsjon coefficients of transitions in Gamma-gamma angular correlation 

studies have been done by El-Nesr et al (1961), Hicltinan & Wiedenbeck (19(10) 
and William & Roulston (1956) Quantum numbers {K, I, n) for the levels by 
all these studies are in agreement with those proposed by Alaga et al (1955) but 
there is much controversy regarding the multipolo assignments of the transitions 
Studies have been made to find the multipolarities by triple gamma angulai- cor- 
relation studies and thus assigning the spin values to the excited levels. 

Experimental bet up 

Three single channel scintillation spectrometers with Na[(Tl) crystals 
mounted on RCA 6911 photomulf-iplier tubes and two conventional coincidence 
circuits are used in these studies. The size of the crystals used are 2 64 cm in 
length and 2 54 cm in diameter. The rc.solution of these spectrometers are --^8% 
for 661 keV gamma radiation Two of the detectors are mounted in the plane of 
the table 3.8 shown in figure 1, one of them is fixed and the other movable Tlic 
fixed detector detects the fir,st gamma radiation in the ca.scade in 2 volts channel 
width (2 volts — 18 keV). The movable detector in tho plane of the table detects 
the 3rd gamma radiation of the cascade in 2 volts channel width at 100 keV m 
the correlation studies. The third detector is mounted perpendicular to the plawe 
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of the table making an angle of 90° with other two detoctorH as shown in figure 1 
and this detects the 2iid gamma (middle) of tho cascade in integral spectrum 
above 500 keV. The source in the form of powder (metul) w'^as obtained from 
Bliabba Atomic Research Centro, Trombay and was ko] 3 t in a cylindrical perspex 
container (3mmx3nim) mounted on a perspex stand. The source is mounted 
in the centre at a distance of 4 5 cm from all tho throe detectors 

Y 



NOTE! 

Y-Z PLANE IS THE PLANE OF 
THE TABLE 

F = FIXED DETECTOR 

M > MOVABLE DETECTOR 

Figure 1 

Pulses from the fixed detector perpendicular to the plane of the table and 
the movable detector in thoplanearo fed to a double coincidence circuit of resolving 
time of the order of 2 X sec. The output of this coincidence unit is the coin- 
cidence between 90— lOSkoV radiation and high energy gamma radiation above 
500 keV (^vith most of the Compton and photopeak distributions). The output of 
this coincidence unit and the output of the fixed detect or (in the plane of the table) 
wliich scans the spectrum in one volt channel width are fed to another double 
coiucidoncG unit whoso resolving time is of the order of 2x10“’^ sec. The block 
diagram for this arrangement is shown in figure 2. Tho coincidence output of 
this unit is the coincidence between the gamma rays forming the triple cascades. 

DETKCTOn rri 

ISPECTROMETtRlLf-T 

OETECTOR 

(SKCTROMETEWl l J V 

DETECTOR m. 

fSPECTROMETER M ' T 

DETECTOR- 1 - KANNINO THE QRMMA RAYS SPECTRA PROM SOToaOOltov. 

OETECTOR-2 - DETECTING ALL THE GAMMA RAYS (INEORAU) ABOVE SOOKm 

DETECTOR-S - DETECTING THE GAMMA RAYS AT 100 K«». IN ONE 

' channel 


"1 >INCIDBNCE UNIT 

r"— I sbcoi 

^ f COINCIDENCE UNIT 
T ■ -'ax’iff’sEC. 


Figuro 2 
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The coincidoncos along with single speotrum are shown in figure 3. The triple 
cascades are thus 68 keV-1122koV-100keV and 152keV™1122koV-100keV 
when the output of the scanning Bpoctromoter is at 68koV and 152keV 
respectively. 



The chance coincidences have been taken by putting delay in one of the input 
of second coincidence unit. These chance coincidences and calculated chance 
coincidences given by the expression Ne — 2tNxN.,{N(. — chance coincidence 
rate, and JV., are the input counting rates of tlie coincidence unit and r is the 
resolving time) are the same within the statistical error I’hc ratios of real coin- 
cidence and chance coincidence at the peak of 68koV and 152keV are 60 : 40 and 
50 : 50, respectively. The angular correlation studies are made keeping the 
movable detector at various angles of 90°, 120°, 150° and 180°. 

Angulab Correlation Results 

The angular correlation functions W{6) obtained by the method of least 
square fit, without applying solid angle correction, are as follows. 

For 68koV— 1122keV— lOOkev cascade : 

W(d) = l+(0.1566±0.014l)P2(co8d)+(0.0118i0.0179)P4(cos 6) 
and for 152keV—1122keV—100keV cascade : 

W{d) = 1-(0.1]81±0 0674)P2(cos (?)+(0.1137±0.0834)P4(cob 0) 
and coefficients are again calculated after subtracting coincidence contri- 
bution due to X-ray (52%) as done by El-Nesr et al (1962) in 68keV— •1122keV— 
lOOkeV cascade and also considering the attenuation of the correlation coefficient 
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by the internal fields as observed by Kbrner el al (1963). The correlation function 
for the above cascade thus is 1+(0.276±0 0265)^2(008 6>)-l-(0.0021 

j;:0,0322)P4(cos 6). Considering the attenuation of the correlation coefficient by 
the internal field as observed by Kbrner et al (1963) in 162keV— l]22koV— lOOkeV 
cascade, the correlation function is Tf (<?)== l-(0.131±0.068)Pa (cos I?) +(0.1 24 
+0.082)P4(cos 0 ) 

The finite solid angle correction in the above cascades has not been done. 
This correiition has been considered in the calculations of the theoretical values 
for and A^. 

Theobetioal Calculations fob Angulab Cobbelation Coefficients 
The trijile correlation function as given by Ferguson (1965) for the cascade 
described by the quantum numbers a{LA biL^) c{L^) d with a taken to be unpola- 
rised (a, 6, c and d represent spins of the excited levels in sequence and Lj, Pg, 
are multipolarities of the transitions) is 

Wiili Qs flj) - (l/47r)»«( Z{LibL\b; ak^)G cV6 

'1 

Z,{L,cL\c', ft, ft,) (1) 

with the summation over LJj^L^L^L^L^K^K^Kq . L-^L^L^ are interfering 
multipolarities in L.^, tiausitions. are the multipole mixing 

ratios, r^, are the exponents, where is having the value 0, 1, 2 depending 
on whether the terms of the type (Xj^X^), (X^X^'), (X/X^') respectively, and similarly 
and are having value of 0, 1, 2). is given as — <b | X'||a>/<6 | X|la>. 
Similarly and d./'^ are given. Qj^„ and are the attenuation factors for 
tlie detcctoj’s which detect the radiations 1, 2 and 3. The tables for Z, and Q 
aio given by Ferguson for various combinations of spin values and multipolarities 
of gamma-ray transitions. Legendre polynomial by Ferguson 

under restriction imposed by the geometries in the form Qa ^a) = 

- P*cas(6?). The tables for are also given by Ferguson. 

Therefore lF(fii can bo written in the form W(d) = ao+a3P2(cos61)+a4p4 

(cos 0) and the values of and are written for the coefficients Po(cos 0), 
Pa(coH 6) and P4(co8 0) respectively, from equation (1). 

Lot us consider one of the radiations say X^ which is a mixture of X^ and 
(f'l+l) multipcles, other two are pure X2 and X3. In that case, Z along with 
is written as 

\Z{L^bLJ}‘, gA;i)+ 2 ^iZ(Xi 5X4+16; airi)+ VZ(X i+ 16 Xi+ 16; a\)\ 

Therefore W{d) has ^oen calculated by taking Z{LJbLjb; ak^), Z(Xi&Xi+15; afcj) 
«-nd Z(Xi+lbXi+16;afc4) in equation (1). The values of the triple correlation 
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coefficients for these throe values of Z in above equation (1) are respectively, 
r/g, a^', a^^\ a./, and a^, a./, which along with mixing parameter can bo 
written as 

W{0) ^ {ao-ha2P2(ooH(9)4a4P4(cos^)}-|-2(yi{(ao'+aaT2(cos 6^)+ 

fl/PJcos 6>)4a4"p4(cos 6^)} ... (2) 

We get ^2 — rearranging equation (2) in the form 

[l + i^^jPaCcoH <9) h^ 4 p 4 (‘^os <^)1 iSiniilarly we can write A^. Defining Q 
+ and jewiiting above expression for A.^ in terms of we have 

A — — Q)~t~2(4)VQ(l — Q)<^z 

^ ■ s(l-0) +3(-t) v'OVl -0)a„'+<?4" 

For each value of Q we shall got two values of Jg taking either ( + ) sign with square 
root or ( — ) sign with square root Joijiing such values one gets the elliptic type of 
curves. Similar equations and curves are obtained il w^e consider the mixtures 
in Zj and G. 


Analysis of the Experimental Results 


The level scheme having 68koV'-1122keV — lOOkeV trifile cascade is given 
ill Nuclear Data Sheets (1959-19()5) 


cy 68 koV, 1122 keV ^ o i_ ^ ^ 

E,- E," 

where ? indicates uncorlainty of 


The multipolaritiiis of the transitions as given above arc considered liy tlic 
conversion coefficient tlata. Taking this level .sequence and lOOkoV and OSkeV^ 
to be pure Pg l e.spectively, the mixture in 1122kcV is determined by the 

plot of Ag versus Q and the mixture values are = 0.16 J-0.075 and — 
0'0-S-ooo shown in figure 4. Similar analy.si8 was also done for the spin value 
of 1 and 3 in place of 2 in the above level sequence for 1290keV level. The experi- 
mental value for Ag is too large to account for the data in the plot of Ag versus 
Q either taking 1122 keV as pure E^ or or with any mixture of Mi and Pg for 
the spin value 1 and 3 

The level sequence having 152keV— 1122keV— lOOkeV cascade is given by 


o 152keV_«, U22keV lOOkeV 


Taking multipolarity of 


lOOkeV to be pure Pg and 152koV to be pure the mixture in 1122keV is deter- 
mined by tlio plot of A^ versus Q. The theoretical value is —0.0676 if we take 
1122keV as pure Mi and +0.0377 it wo take l]22keV as pui’e E 2 while the 
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Figure 4 


exporimontal value is —0.131 ±0.068. Therefore it is difficult to take 162keV to 
be pure considering 1122keV transition to be pure or Another course 
left is to take 1122koV as a mixture of and E^ as obtained above in 68keV 
— 1122keV— lOOkeV cascade. Taking the mean value of the mixture in 1122keV 
transition as = 86% and E^ — 15% and lOOkeV to be pure E^. The mixture 
lu 1 62keV is determined by the plot versus Q as shown in figure 6. The Q 
thus obtained is (?i = 0.006+g:S^^ and Q 2 , = 0.89±0.04. But according to the 
conversion coefficient data 162keV transition is taken pure E^ (with very little 
mixture of M 2 ) and therefore the value of Q 2 == 0.89±0.04 is rejected. This way 
mixture value = 0 15±0.075 in 1122keV is taken in order to satisfy both the 
cascades simultaneously. Angular correlation coefficients obtained by yy angular 
correlation studies by El-Nesr et al (1962), Hickman et al (1960) and Williams & 
Koulston (1966) for 1122keV transition give two sets of mixture values by the 
method of Arns & Wiedenbock (1968). The value giving predominantly quadru- 
poJe transition is taken and other giving liigher percentage of dipole is not con- 
sidered. But in the present studies the plot of A 2 versus Q and measured 
(+) indicates the higher percentage of Jfj transition. 

The multipole assignments on the basis of conversion coefficient data for 68keV 
a-nd lOOkeV transition are also pure E^ and respectively. 152keV transition 
should be pure Ei vgth a little mixture of on the basis of conversion coefficient 
data of Lederer et al (1967) and Daniel et al (1964) (measured ock — 0.11 ±0.02 
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and theoretical value of ai- for — 0.105 and ~ 6 8), In the present measure- 
ments the value (^2 l''»2keV is M^I{E-^-\-M 2 ) — 0.005iJ J §5 which shows, a 
little mixture of ilfg in E-^. It is difficult to account for the measured value of 
conversion coefficient (ajt = 328^15 X 10“*) for ]122keV gamma radiation with 
the mixture of 15% E^ and 85%ifx as obtained in the present measurement 
(considering the thetu-etical value of conversion coefficient to be for E. — 0 0029 
and Jkfx = 0 0060). In case the conversion coefficient value is to be considered for 
this mixture value, then one way is to consider the reduction in theoretical value 
of conversion coefficient for transition by applying the correction in the theo- 
retical value due to finite size effect in conversion coefficient data as given 
Reiner (1958) and Church & Weneser (1960) for transition between two lowest 
2-1- states 

The only quantum numbers (/, n) as proposed by Alaga et al (1965) are satis- 
fied with our experimental results from these two triple cascades angular corre- 
lation studies for the levels involved in them. 

Wo are thankful to the Department of Atomic Energy, Government of India 
for financial help in the research project. 
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Analysis of observed grain density in nuclear emulsions 
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{Received 8 March 1969; Revised 12 Augmt 1969 and 14 November, 1969) 

Actually observed grain density, along the traoks of iho charged particles in nuclear 
omulsiuns, is analysed in terms of primary, secondary and fog grains. An attempt 
has been made to estimate the contribution of the primary and secondary gram donsitioe 
thoorotically for various values of velocities. The results of our model are compared with 
those of Patrick & Barkas (1962) and Benton & Heckman (1964). It is concluded that 
’ the secondary grain density accounts for nearly 33.6% of the total gram density observof] 
m G-6 emulsions for O.OS < /? < 0.14 and 23% at minimum ionization. Our theoretical 
results agree well with tho eyporimentally observed values. 

1. Introduction 

Tho signature of charged particles left in nuclear emulsions in the form of tracks 
can give sufficient information regarding their particulars e.g., velocity, rate of 
energy loss, charge, kinetic energy and mass. The track parameters in use are 
grain density (J-ray density, tapering length, track width, range and scattering. 

Kinoshita (1910) has defined the total grain density in emulsions by the fol- 
lowing expression : 

j = 0(l-e-*') ... (1) 

Wliere C is defined as the saturation value of the grain density for heavily 
ionizing particles and is equal to the available number of silver halide grains 
{dmam = N) per hundred micron. The parameter h is defined as a function of gram 
sensitivity and its cross-soctional area and also includes the effect of development 
conditions. I denotes the specific energy loss which according to Blau (1949) 
is {dEjdR)^ while according to Morand & Rossum (1961) is {dEldR)^~a^ (ft 
representing threshold energy). The magnitudes of exponents b and I are not 
well defined. Patrick & Barkas (1962), Benton & Heckman (1904) and Brown 
(1953) have given a similar expression for defining primary grain density with 
different constants. 

Experimental observations show that the variation of grain density with 
specific energy loss for charged particle tracks is a characteristic curve (Fowler 
1950, Fowler & Perkins 1961, Powell et al 1969, Sharma & Gaur 1968). 

The variation at low energy losses has a direct proportionality but at higher 
values of specific ionization it deviates from linearity and the curve becomes almost 
fiat. 
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Analysis of observed grain density etc. 

Many workers (Bella Corte e« al 1953, Patrick & Barks 1962, Benton & 
Heckman 1964, Brown 1963) have pointed out that this actually measured 
(observed) grain density represents grains of the following types : 

(i) Grains penetrated and affected by a charged particle to the extent 
that they are rendered developable during the process of develop- 
ment. The number of such grains per ]00//m of track length is 
defined as the primary grain density. 

(ii) Grains not directly traversed by the charged particle, but still made 
developable during the process of development due to some induced 
development created in them by the neighbouring grains, or due to 
the penetration of ^-rays projected from the path of the primary 
particle, are known as secondary grains. 

(iii) Sharma & Gill (1962) have shown that few grains neither affected 
due to the process (i) nor due to process (ii) are also rendered deve- 
lopable due to the process of undesirable background development. 
Such grains have been referred as fog grains. They may be due to 
the radio-active contaminations and impurities etc. 

In this paper we have tried to estimate the contribution of the primary and 
secondary grain densities towards observed grain density. A new scheme for 
calculating these grains densities is also given. 

2. Expebimental 

The measurements were made on MBI-9 scattering microscope having an oil 
immersion objective of 90 X and a filar micrometer (attached with goniometer) 
eyepiece of 15x carrying a fine scale attached with a small drum or rotating 
head with 100 divisions on its circular scale. The least count of each division for 
measurements was O.lfim. The turning stage arrangement for alignment of track 
was extremely fine. Emulsion stacks exposed to 1.5Gov/CK- — ^beam (CERN) 
and 4 Gov/C/r-beam (Berkeley) wore used for tliis purpose. 

For nleasurements well identified 7r-meson and proton tracks having a dip 
angle of less than 10° were chosen. Gap density and gap length measurements 
were made on these tracks. The values of p for various residual ranges were 
obtained with the help of the tabulated data of Trower (1966). 

For determining the grain density, the following expression of Fowler & 
Perkins (1965) was used. 

Where g is the actual grain density and H (l^ and are the densities of 
gaps exceeding length and respectively. 
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The variation of observed grain density {g) with velocity (/?) in G-6 emulsion 
is shown in figure 1. The figure indicates that the observed grain density in- 
creases rapidly M'ith decreasing values of p at greater velocities but the curve 
tends to flatten below ~ 0 08. The dependence of grain density on p is not 
linear for whole of the l egion of P, but for 0.08 < /f < 0 14, the grain density is 
nearly propoitional to the velocity and can be represented by the following em- 
pirical relation ; 

g ~ ^ 32-14.-50/^ (per micron) (3) 

A similar type of linear dependence of observed grain density on /? is shown 
by Patrick & Barkas (1902) but with different constants for K-5 emulsions. 
Benton & Heckman (1964) have approximated from their experimental observa- 
tions on heavily charged particles, an inverse square dopendeiico of g on p. 

3. Theoretical 

3 1. Calculation of Primary Grain Density : 

The development of a grain deiicnds on the amount of latent images or the 
amount of ionization created in it. The maximum number of holes ' produced 
at some specific energy loss (dPIdR) in a grain of G-5 emuslion along its diameter 
(0.27 micron) can be given as : (Sharma & Gaur, 1969) 

no = i6.55 (dE/dE) ... (4^ 

where dEjdR is in Kev//im. 

The total number of holes given by the above relation is not utilized for latent 
imago formation as a fraction of it recombines with electrons during the period 
of latent image formation Taking into account the recombination process, 
the effective number of positive holes (yj.) available for latent image formation in 
G-5 emulsions is given by the following relation : 

4liM{dEldJi) 

1 1 mnudKjdii) ’ 

In an earlier communication (Sharma & Gaur 1968) it was shown that the 
probability of development of a grain can be expressed by the following expression: 

7r = l— e“' (6) 

where 

-i (a-^){a-2^)(a-3yS)(l-^)-»4- k(a-/J)(a- 2 ^) 

(a— 3/?)(a— 4/?)(l —/?)-^+ •••+ negligible terms] 
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In the above expression, 

^ ~ n-) ratio of effective number of positive holes and total number 
^ of sensitivity centres in a grain. 

J5 

~~ a i ratio of limiting number of positive holes and total number of 
sensitivity centres. 

and r ~ ocl/3 — ^ . 

Substituting S = 2000, B = 493 (Sharma & Gill 1962), we get 

S' -= 1 327ne"»-«««"fl+G 635x l0->-£)4 2.201 X 10-’(?i-.B)(yi-25) 

H-4.83 X lO-^Hn-B){n-2B){n-AB)-\-S 0'15xli)-^Hn~B) 

(7i—2.6)(n—3i?)(»i~4j5)-|-... negligible tnrms'l ... (7) 

The primary grain density can be defined as the product of tt, the probability 
of development and the number of grains per lOO/ria (i.c., or N) in the 
unprocessed emulsion. 

Therefore, primary grain density, gp ~ nxN ^ ... (8) 

The value of N for G-5 emulsion is around 275-300 (Voyvcalic 1950 and Sharma 
& Gill 1962). 

3.2 Calculation of Secondary Grain DenMty ■ 

Kor higher values of effective energy loss the primary grain density should 
appi oach a saturation value gmax which in case of G-5 emulsion is ~276 per hundred 
imcrou (Vo3'^vodic 1950) Fowler & Perkins (1955) have shown that the gap 
length coefficient for relativistic tracks of heavy charge in G-5 emulsion exceeds 
tlu^ maximum value g^^^^ (considered 3///m) and approaches 5//^m. This indicates 
that apart from primary grains /.e., grains directly affected by the charged 
particles, few other grains are also developed which also contribute to the gap 
length coefficient and duo to the presence of such grains, the actual grain density 
cx(M3ed.s the saturation value (3//tm). Many workers (Patrick & Barkas 

1962, Benton & Heckman 1964, Brown 1953 and Holla Corto et al 1953) have 
attempted a separation of the primary and secondary grain densities. These 
secondary grains are attributed to (J-raj’^s. 

The observed grain density, g can be represented as the summation of the three 
different grain densities i.e., 

9 ~ ( 9 ) 

Whore gp is the primary grain density, g,, the secondary grain density and 
df, the grain density due to fog grains. According to the curves of Hodd & Waller 
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(1951) the value of fog grains is very small say around 5^10 fog grains per lOO/tm. 
If we ignore the effect of fog grains in comparison to other grain densities, then 

9 = 9j>-\'9i 

or gsl9 = ^-9plff = ^ (10) 

where ^ is known as the induction factor and represents the contribution due to 
the induced or secondary grains towards the observed grain density. The 
calculated values of ^ from the above relation are shown in figure 4. From equa- 
tion (10) we have : 

- (H) 

Substituting the value of 56 in this relation and knowing the value of at parti- 
cular specific energy loss or velocity of the i>article from equation (8), one can easily 
calculate the value of secondary grain density. 

We shall now calculate the density of such secondary or induced grains 
produced by 5-rays following the procedure considered by Patrick & Barkas (1962) 
and Benton & Heckman (1964) . The range- velocity relation for electrons (fi < 0.3) 
to a good approximation can be given by 

= 2.102y6fio/» ... (12) 


The grain density at different velocities according to experimental observa- 
tions is expressed by equation (3) for a singly charged particle in G-5 emulsion. 
Thus the numbei* of grains due to a 5-ray with an initial velocity can be given 


by: 

We) =-5 9- dn, - 6.66x102 J (4.32-14.56/?)^’/3d;ff 

0 0 


or 

G{j3e) = 0.084F®^2-1.30xl0-21fi3/fl 

... (13) 


where W is electron energy in Kev. The 5-ray density between the energy 
interval W and W-\-dw due to a particle of charge and velocity is given by 
the following relation : 

2 66xl0““^2 dw 

N{S)dw= X ^ ... (14) 

The number of induced grains, per hundred micron caused by 5-rayB can 
be found by integrating the product of equations (13) and (14) over the energy 
interval of 5-rays from Wq to (wq and Wm are the energy limits of 5-rays which 
contribute towards the secondary grain density). The value of g comes out as : 

g. = ... ( 16 ) 
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Tlict lower limit of (^-ray energy is taken to bo 2 Kcv ((Shapiro 1962, Patrick 
& Barkas 1962) as discussed in section (3.3). The upper limit of 3-ray energy 
('<%) it^ taken 22 Kev, as suggested by Barkas (1962) on the basis of their experi- 
inontaJ observations on tracks. Substituting those values of wjq and in 
equation (15), we ftnally arrive at the following expression : 

0.97 ^ ^ 

g = - (per hundred microns) (16) 

The values of secondary grain density calculated from equation (16) are shown 
ill figure 3. 

3 3 Calculation of Primary Grain Demiiy on the Basis of Barkas Model 

The primary grain density lias also been calculated by Patrick & Barkas 
(1962) and Benton & Heckman (1964) using the following expression 

... (17) 

Where A is a measure of emulsion sensitivity and 7' is the restricted energy 
less o()ual to where i is the energy loss rate of singly charged particle and 

the moan square effective charge for an energy loss (Barkas 1963) From 
OLiuation (17) wo see that the value of the slope of the curve drawn in — ln(l — gpjN) 
and r will give us the value of A. The value of <7^, is taken to be the difference of 
observed and secondary grain density calculated from equation (16). We have 
i'oiiud A equal to 3 2xl0“^j7/Mcv oin^ in case of G-5 emulsion while Benton & 
Heckman have found its value as 2.3x10“'* and 7.5x ]0“^,7/Mev cm^ for K — 1 
and K— 0 emulsions respectively^. According to Patrick & Barkas (1962), A = 
0.(H8 f//Mov cm'^ for K-5 emulsions. Hence equation (17) can bo reduced to . 

= A(1-c~oo32P) ... (18) 

Where 1' is the restricted energy loss. Wo have calculated the restricted energy 
loss at various velocities with the help of the following relation (Barkas 1963) ; 

Where {dEldR) is the energy loss per unit path length (involving energy transfers 
of energies less than per incident collision), E is the energy of the ionizing 
pai'ticle and u = /?c is its velocity, A — 0.06705 Mev cm^jg for AgBr, is the 
electron rest mass, y — (1 C' is the density effect correction (depending 

on particle velocity) and has been tabulated by Barkas (1963). Wq is the upper 
limit of 3.ray energy corresponding to the maximum energy deposited in a single 
Sniui, I{Z) is the mean ionization potential of atoms in the medium (silver 
hromide) and its value is taken 434 ev as calculated by Sternheimor (1966). 

There is some uncertainty about the best value of Wq and I{Z). This may 
be duo to the fact that these constants have only a limited influence on the restricted 
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energy loss and role of one is partially fulfilled by the other. Shapiro (1962, 
1953) found that the ionization loss is not sensitive to the choice of Wq between 
2 and 5 Kev and assumed Wq — ■ 2 Kev in contradiction to Jongejan’s (1969) 
value (100 Kev), Patrick & Barkas (1962) found a best fit to their data with 
Wq = 2 Kev, considering the proposal of Messel & Ritson (1960) that for cal- 
culating energy loss the value of Wq should bo taken equal to the energy of the 
(5-ray which has a range equal to the size of the grain. According to Demers 
(1963) and Lozhkin (1957), the (5-rays of 2Kev energy are capable of sometimes 
causing development of a single grain near the track, hence it is reasonable to 
take 2 Kev as the minimum (5-ray energy capable of broadening the track. Keep- 
ing these points in view wo have calculated energy loss taking — 2Kev 
as considered by tliese workers. The values of primary grain density calculated 
from relation (8) and (18) arc shown in figure 2. 

5. Results and Discussion 

The variation of observed grain density and primary grain density witli 
velocity /? are show in figure 1 and figure 2 respectively. To check the validity 
of the fin’iner variation lot us study first the latter one. Curve (a) of figure 2 
is based on our calculations from equation (8) while the curve (b) is obtained from 
equation (18) derived according to the procedure similar to that o fPatriok & 
Barkas (1962). 

The variation of secondary grain density gg as a function of particle velocity 
is shown in figure 3. Cm-ve (a) of this figure is generated from the theoretically 
calculated values of g (equation 16) assuming that the secondary grains are formed 



Figure 1. Variation of grain (iensity with velocity fi. Solid curve indicates the values of 
Fowler & Ferkina (1951) and x points indicate the present work. 
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by ^-rays. Curves (b) and (c) of this figure indicate the variation of the secondary 
grain density based on the difference of the observed and primary grain densities, 
Uie later being calculated on the basis of our model (equation (8)) and that of 
Barkas (equation (18)) respectively. From figure 3 it is clear that the equation 
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Figure 2. Variation of primary gram density with velocity /?. X points indicate calculated 
primary gram density using Barkas model. O points indicate calculated primary 
grain density from our model. 



figure 3. Variation of secondary grain density with velocity. Curve (a) shows secondary 
grain density calculated on the basis of tf-rays. Curves (b) and ( 0 ) show the 
difference of observed and primary grain densities, calculated on the basis of our 
model (equation 8) and that of Barkas (equation 18) respectively. 
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(16) fails to describe the iiroduction of 5-rays for velocities (/?) < 0.08 and the 
secondary grain density continues to increase for lower values of velocity (yfif). 
Similar results were found by Benton & Heckman (1964). 



Figure 4. Vaiiaiioii of poroontago induction factor with spooific ionization. 

The percentage contribution of over g indicated by the induction factor 
(0) for various values of {dEjdli) Kev/yum is plotted in figure 4. Tn order to 
calculate <j) according to equation (13), the value of are calculated from equa- 
tion (8) and the values of j/ are taken from figure 1 , Thip indicates that the 
contribution duo to secondary ionization slightly increases at large values of 
specific energy losses and becomes almost constant. The average value of <j> 
estimated from figure 4 is 35% (for 0,08 < < .014) with the consideration 

of the fog grains and 32% without fog grains. The mean of these variations is 
33.5% At minimum ionization the contribution of secondary grains due to our 
model is 23%, which is in contradiction to the results of Nicoletta et al (1967) 
who have shown a contribution of only 10% at minimum ionization but in 
agreement with the results of Patrick & Barkas (1962) who have shown it as 25%. 
Benton & Heckman (1964) while studying the secondary grain density have 
found that the fraction of the observed grain density which is of secondary origin 
due to 5-iays for velocities 0 08 < /? < 0.145, is nearly constant and equal to 
35 i 5% for K-“l and TC— 0 emulsions and is indepondeni of the atomic 
number of the charged particles 

In figure 5 we have shown the variation of total grain density with p. Curve 
(a) shows the variation of observed (experimental) grain density in case of Cr-5 
emulsions. Curve (b) shows the variation of total grain density represented as 
a sum of primary grain density {g^) calculated on the basis of our model (oquaW 
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(8)) and secondary grain density calculated from equation (16). Curve (c) indi- 
cates the variation of total grain density represented as a sum of primary grain 
density calculated on the basis of Barkas model (equation 18) and secondary grain 
density due to <J-ray8. These curves indicate that our theoretically calculated 
values are nearer to the experimental values. 



Figure 5. Variation of total pi’uin density with velocity. Curve (a) indicates total observed 
gram density. Curves (b) and (c) indicate the total gram density, a sum of primary 
and secondary giuin donsitios, the primary gram density being calculated from our 
model (equation 8) anil from that of Barkas (equation 18) respectively. 
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Figure 6. Percentage contribution of primary and secondary grain densities. The shaded 
area corresponds to the percentage contribution of secondary grain density. 

The discrepancy in results may he due to some over-estimation in calculated 
from equation (16), because a few secondary grains might have developed as a 
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result of the joint action of two or more tS-rays (Powell et al 1969). We have 
assumed that all these (J-rays tend to lie along the trajectory of the particle but 
there may be a few such tf-rays which might go at a certain angle with the 
trajectory of the particle and may not contribute to the secondary grain, density. 
The grains developed due to such ^-rays will not be considered as the part of the 
particle track. 

The percentage contribution of primary and secondary grain density is shown 
in figure 6 and is in agi’oemont with the results of Patrick & Barkas (1962) and 
Benton & Heckman (1964). 

The authors wish to express their thanks to Miss S. Malik and Miss A. Malik 
for their help in the scanning. One of tlic authors (RKG) is grateful to Kurukshetra 
University authorities for providing financial assistance to him. 
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Elastic scattering of fast electrons by nitrogen-14 

By G. Banerji 

Department of Theoretical Physics, 

Indian Association for the Cultivation of Science, CalciUta-32, 

India 

{Received, 8 October 1969) 

It wtts shown (Fregeau & Hofstadter, 1955) for the nucleus of carbon-12 that the 
assumption of a half-uniform half-Gaussian shell model gives better agreement 
with experiment than either the uniform or the Gaussian model. The aim of the 
present note is to calculate the nuclear form factor for nitrogen- 14 on the assump- 
tion of a parabolic potential and then to obtain the differential elastic electron 
scattering cross-section. 

The differential elastic scattering cross-section of Dirac electrons (energy Eq) 
from a target nucleus of mass M, containing Z point protons, each of charge e, 
is given (Rose, 1961) in the Born approximation by 


where F{q) is the form factor and {do-ldQ)jjj is the relativistic Mott Scattering 
cross-section for electrons from a massive point nucleus of charge Ze. 

in which (l-|-(2JSo/Jferc®) sin® dl/2)“^ denotes the contre-of-mass correction, 6 being 
the scattering angle. The form factor is given by, 

F{q) = S pCr)Qxp{iq .r)dr ... (3) 

D 

and Uq is the magnitude of the momentum transfer vector given by 


sin 0/2/1+ 



where v, is the nuclear volume and p{r) the charge density, and r the 
radius veotpr from the centre of the nucleus. The validity of the Bom 
approximation was discussed by Parzeii (1960). 
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For a spherically symmetric charge distribution p{r)— p(r) the integra- 
tion in (3) may bo performed to give 

F(q) — ^ [ p(r) sin (gr)rdr ... (5) 

If we consider the infinite parabolic well V oc the nuclear charge distribution 
is obtained in tlie aiialj^^tic lorm (Buttlar, 1968), 

p{r) = p( 0 )(l+ar 7 ao 2 ) exp ... (5) 

where a, ~ {Z— 2) j'i and the length parameter is related to the curvature of 
the well. Normalization of p{r) as 


yields 


J p{r)4:7rr^dr — 1 
0 

p(0) - 27r-a/X“®(2+3a)-i 


... ( 6 ) 


The root-moan square radius, weighted according to charge, and defined as 


0,2 :;= J r^p{r)4.7rrHr 


becomes 

a - L3(2+5a)/{2(2+3a)}Jhto ■ (7) 

Using (5), (6) and (7) in (4) the expression for F is obtained as 

F == [l-aa;2/{3(2-5a)}] exp [-(2+3a)a;2/{6(2H-5a)}] ... (8) 

in which x = qa, 

whore wo have made use of the integral 

J tiOB 7it dl ==^ exp (— ?2,2^4m2). (f/i > 0). 

0 2 ??^ 


The value of «(= qa) is varied from 0 to 7 and the form factor calculated in each 
case. The results are shown in figure 1. Tt is found that a diffraction zero occurs 
at a; = 4.3. It is typical of Born approximation from factoj’s for a charge distri- 
bution due to an independent particle shell model of a nucleus for an infinite 
harmonic well potential The differential scattering cross-section results in the 
range 30°-90'’ at an incident electron energy of 400 MeV with the rms radius 
a = 2.48 X 10~^2(.jn for are shown in figure 2. The results of our calculation 

for the differential cross-section are expected to be reliable excepting the regions 
in the neighbourhood of the diffraction minimum where the Bom approximation 
is not accui'ate. In the exact treatment there will be no zero value for the dif- 
fraction minimum as obtained in the present calculation. 
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In conclusion, the author thanks Dr. N. C. Sil, Head of the Department 
of Theoretical Physics, I.A.C.S., Calcutta, for helpful discussions. 
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BOOK REVIEWS 


Fundamentals of Radiation Protection 
Hugh F. Henry, pp. xviii+486, $17.50, John Willoy, New york. 

While the sixties saw nuclear power become a reality the soventios will see 
it firmly established as one of the major power sources of many nations. At 
the same time man has suddenly become conscious that this progress is 
contnbutmg to the fouling of his onvhonmont which may one day destroy all 
yilant and animal life. The tragic consequences of atomic explosions at Hiroshima 
and Nagasalti and the widespread radioactive fallout of subsequent nuclear explosions 
have left man soared of the biological damage that might show up decades later As a result 
of all this, the common man, the worker in the aiomio iridustii ios and a wide variety of jieople 
wlin come into contact with nuclear and high energy radiations all have to be reassured and 
taught how to handle them safely. Tho author ha.s made an attempt to reach all those people 
in this hook on “Fundamontals of Kadiation Protection”. Tho liegmnitig chapters are devoted 
to atomic si-ructure, maas-onorgy relationships, radiations, artificial and natural radioactivity, 
nuclear fission, half lives and radioactive equilibrium These are dealt with m very simple 
language, derivmg equations and defiiimg units of diffeiont quantities. Tho author has defined 
not only what is kinetic energy and potential energy hut even what is energy, which was perhaps 
not necessary. In chapter II, it is said that the nucleus contains only protons and neutrons 
but lu chapter HI it is also stated that beta particles are omitted from the nucleus 
which tho authors should have explained. This could have boon done under nuclear 
Btahdity by discussing tho importance of neutron /proton ratio. Since tho central thome of 
tho book IS howto protect the living tissues from radiations, the author has very rightly discussed 
tlio struotiuve of tho coll, the chemical constituents of the cell, how different organa have dif- 
Icrent sensitivity to radiation, and how this injury is repaired in tho body. Tho physical aspects 
ol ladiation exposure is one chapter which could have been written bettor and more readable 
particularly tho subject of density of ionisation. 

In chapters VI and VII, tho author has dealt with ditforont kinds of exposure to radiation 
111 tho course of our normal lifo and specially for workers in tho vicinity of radiation and 
CKaminod m detail tho consequences of such exposure. Ho has attempted to remove the 
foar of radiation and stressed some of the bonefioial aspects also, like longevity at low 
exposure levels. In the chapter on ‘Genetic Effects of Radiation’ the reader is treated to 
the laws which govern “inhorif.aneo’ and how radiation affects thorn. In the chapter on 
Tutemal Exposure Evaluations’ actual methods of caleulations have been illustrated 
which is of great practical importance. 

1 ’he book discusses all aspeots of personnel monitoring and onvironmont monitoring 
lor i iwlioaofcivity and tho methods to miiiimiso exposure to individuals. It also deals with dif- 
terent kinds of emergencies that oaii arise in nuclear roactoxa. They have been illustrated by 
actual incidents and w'hat was done and what should have been done. 

The chapter on Administration is extremely helpful to anyone who is coixtoraplating 
a health physics programme. 

The chapter on ‘Nuclear Weapons’ is informative to thoso who are uninitiated in the sub- 
ject, but would like to know how an atomic explosion takes place. However, the author 
liftgi tried to justify tho American use of nuolear weapons on Japan which is oertaiiily out of 
place and is a highly controversial issue. 
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There are some errurs and spoiling misiakos. In chapter III, p. 31, the equation should 
bo ^^^BoTh->^‘’*eiPa-|-°o. In page 271, it should be sin® 0/2 = 0.6 instead of ’em® 0/2 and on 
page 278, the equation should bo / = w® instead of Joe” em*. On p. 300, in the last 

Hontenco ‘emphasos’ should be ‘emphasis’ and on p. 313, the ond of the lirat paragraph ‘ex- 
travagently’ should read ‘extravagantly’. 

The references given at the end of oaoh chapter and tho questions are of great help to those 
who arc taking a course in radiation protection. This can serve as a useful text book. The 
author, on tho whole has given an excellent account of the several facets of radiation protection. 

K. N. E. 


The. Sixth International Symposium on the Reactivity of Solids 

Edited by Mitchell, De Vries, Roberts and Cannon, pp-862. 

Wiley— Interscience. 

The proceedings of tho Sixth International symposium on the Reactivity of Solids hold 
in Schenectady, New York, U.S A. from August 25-30, 1968, edited by Mitchell, DeVriog, 
Boberts and Cannon comprise of erudite dissertation of certain topics of solid state ohemistiy 
of recent interest The book presents the various research papers read in tho proceedings 
in a categorised form under eight sectional headings and does not attempt to develop the Con- 
cepts a6 initio. Tho paper entitled “Crystallographic shear and planar faults in solids” read 
as a Presideniaal Address by Prof. Wadaley in tho first section advances a very ingenious ex- 
planation for the behaviour of non-stoichiometrio oxides in terms of tho looahsed shear planes 
and different crystallographic arrangements of the metal-oxygen tetrahedra. Tho crystal 
defect such as dislocation, vacancies, interstitials, Wagner defects etc. have been rocogiused 
undiaputedly as playing a decisive role in many of tho gas-solid, liquid -solid, and solid -solid 
reactions. Tho phenomena such as catalysis, diffusion, sintering etc. are clear manifestations 
of the integral part played by those defects in crystalline solids. The paper entitled “RoIr of 
crystal structuro, defects, and cationic diffusion m tho oxidation and reduction processes of 
iron oxuloB at low tomporaturo” by Gazzarini et al is an immaculate description of the phase 
transformation relationship of iron oxides utilising the already mentioned ideas of crystal 
defects. It is not possible to discuss tho salient features of all the 79 papers under eight general 
sections m the limited space available at my disposal. Nevertheless, it can be mentioned that 
the book entails many interesting discourses of profound scientific interest like decompo.sition 
of oompounds, corrosion of metals, reaction kinetics of a sustance under various physical and 
chemical environments, crystallo-chemicaJ characteristics of solids in relation to their reacti- 
vity, characterisation of ferrites, semiconductors, whiskers, pyrolytic carbon, phase transition 
of oompounds, crystallization of glass, high pressure reaction of solids, etc. Further as this 
book is a compilation of several works carried out in diffoi'ent laboratories of the world, ob- 
viously some gaps, missing links and repetition of the same ideas may creep in the body of 
the book as a whole, which is unavoidable. However, all these in no way belittle its impor- 
tance. This hook will bo very much useful to the researcher in general, particularly to those 
who are engaged in research pursuit in tho aforesaid fields. 


B. K. B. 
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Use of a logaritKmic form of potential in the 
studies on metals 
By J. Behari 

Department of Physics, Indian Institute of Technology, 

Hauz Khaa, New Delhi-2^, India 

{Received, 20 November 1969) 

A now logarithmic form of contral potoniial between a pair of atoms is prnposorl for metals. 
Calculatinna on cohesive onorgioa for several HOC, and HOP metals are reported 

anti are found to he in good ugreomeut with experimental data in all the eases. 


Introduction 

0u(' approach to the theoretical study of the properties of solids is through the 
asHiiinptioii of a central pairwise potential function. Unfortunately, the cal- 
culation of the potential energy of an aHHembl}^ of given particles as a hmetion of 
tlicir mutual distance is very difficult and it has been solved by quantum mecha- 
iiioal methods in a few cases only (Mott & Jones 1930, Seitz 1940, Kuhn & Van 
Vlcck 1950, Kainbo 1955, Nikulin 1960). However, if we assume the lattice 
structure, lattice constant and the lattice energy, a satisfactory explanation can 
be presented of various lattice dynamical and thonnodynamical properties of 
solids, within the range of ai)proxiraation, by supposing a force law, provided it 
resembles the real one in some general features. The parameters of the potential 
fuiielioii are determined by fitting it in a narrow region surrounding the equi- 
libiium point, for the structure generally remains unaltered and the density changes 
slightly even at high pressure and upto the melting point. Most of the properties 
of Die solids are determined by points near the minima of the potential energy curve. 
Those points, therefore, which are farther away from the minimum point will not 
affect the results as long as the chosen parameters retain the general feature of the 
curve. By the same reasoning it can be assumed that 0 depends on the mutual 
distance of the particles only, even in those cases where the interatomic forces are 
not central as, for example in metals. 

If ^(r) is the energy of interaction of two atoms at a distance r apart, then 
for 0(r) to represent a true interaction potential in a solid, it must satisfy the fol- 
lowing conditions (Girifalco & Weizer 1959) : 

i) The derivative of potential ^(r) {i.e. {diPJdr)) must have attractive nature 
for large r, and repusive for small r, hence should have minimum at r = (equili- 
bbrium separation). ' 

ii) The decrease in ^{r) with r should be more rapid than 
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These conditions are consequence of simple physical considerations; the fiist 
is due to the existence of condensed phases and the second only confii’ms that the 
cohesive energy is finite. The two together mean that the crystal structure he 
stable under infinitesimal homogeneous deformation. 

Born and his collaborators (194Q) have made a detailed analysis of the stability 
of crystal lattices and have given conditions that must be satisfied among the elastic 
constants. For cubic crystals these are : 

iii) All elastic constants are positive, 

iv) C'li— Oia > 0. 

A good potential must have a minimum number of parameters, yet predict 
the remaining constants with sufficient accuracy as well as being adequately close 
to the dispersion forces at largo distance. For metals, three potential energy 
functions have been used by different workers; 

1. The Mie-Gruneison potential 

= -^n + < “)■ 

which assumes that the interatomic force is a superposition of an attracting a^id a 
repelling force, both depending on the distance by a simple inverse power function. 
Gruneisen employed this function in his early investigations on tho theory of solids. 
Furth (1944) and afterwards Dayal & Sharma (1956) and Colo (1959) have dis- 
cussed the applicability of this function for a number of solids. 

2. The Morse potential (Morse 1929) 

^(r) = ] , 

originally suggested for molecules, has also boon used for metals (Girifalco & 
Weizer 1959) where a is a constant and D is the dissociation energy. 

3. Rydberg (1931) proposed the following function for diatomic molecules 

fi(r) = _D[H-6(r-r„)]e 

where 6 is a constant. This potential has the shape appropriate for a potential 
function and has been found to give better results than the Morse potential for 
a good number of diatomic molecules. It has also been successfully applied in 
tho studies of metals (Varshni & Bloore 1963). 

Aj)art from being cumbersome to calculate, Rydberg potential as also Morse 
suffers from one disadvantage, as being finite for r — 0. Recently PrakasU 
& Behari (1969) proposed a logarithmic form of potential for the exchange inter- 
action between ions in alkali halides, and it was found that the calculation of 
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cohesive energy yields an excellent agreement with the experimental data. It 
removed the physical drawback with the most acceptable Born form {ae-r/f>) viz. 
(jirepuiHve = constant, rather than infinity, for r = 0. 

Logarithmic Function for Metals 

Tn view of this we propose a new form for the potential in metals which satis- 
lles the physical condition at r = 0 and has steeper slope than the exponential 
form : 

(/>{r) ■= -^ilog,[l + (Bi/r)’»]+^,log,[l.f(J52/r)»»] 

It irivolves six constants, namely A^, n and ?w.To reduce the number 

of unknown parameters we have chosen B^ = B^, the ionic radii of the metal in 
question, which are taken from the work of Pauling ( 1963 ). n and m are generally 
chosen from the work of Furth ( 1944 ). The remaining two constants A^ and A^ 
arc obtained by a^iplying the condition of crystal stability 



and the compressibility 

/ \ _ 

\ dr^ )r^-r~ X’ 

vvliore /J — compressibility, k the structure factor and the zero subscript refers 
to the values of parameters at absolute zero of temperature. Expressions for 
A 2 and A^ are 

^ ™ 9 A; ro/^ Q 

ro”»+H-B2^r~ [ J 

and 

A = I \ / V '-^4-81% \ 

1 \ ro”*+i-l-ifa»»ro / \ 'Bj»n I ‘ 

Ooliesive energy for a number of FCC, BCC and HCP metals is calculated and found 
1^0 be in good agreement with the experimental results. 

Discussions 

ft is obvious from the inspection of our form of potential that the condition 
(i) is satisfied. A finite value of cohesive energy as calculated for various subs- 
ljn,nces also satisfies condition (ii). A first hand calculation of elastic constants 
also satisfies the condition C^i — Gi^ > 0, both being separately positive, 
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The choice of the property to be studied at the preliminary stage was dictated 
by the fact that the cohesive energy of metals has not been studied in detail. 
Some calculations have been done on alkali and noble metals and as is clear from 
the data collected in table 1 that our results show much improvement over the 
results of earlier workers. Moreover, in the most widely used Morse and Rydberg 
functional iorm, cohesive energy is chosen as a known quantity in the determina- 
tion of the parameters of the potential and hence its direct calculation is not 
possible. As is evident from the form of potential that any uncertainty in the 
v^alues of ionic radii does not effect our results appreciably. In fact any other 


Table 1 


SubH- 

lanco 

Lattice 

constant 

X 1 0® cm 

^(OviQia 
cm^/dyii . 

n 

m 

CohoHive enorgy(— ^o)(Kg- Cul/mol 

Calculated 

Expon- 

montab*'' 

Others^‘*i«> 

Pb 

4.9138 

2.31 

3 

12 

46.6 

47 


Ag 

4 068 

0.09 

4.6 

7 

72.6 

68.3 

58.9 

Ni 

3 6142 

0 63 

4 

6* 

107 8 

102.3 


Cu 

3 0022 

0.72 

4 

7 

78.1 

80.8 

69.9, 83.7 

A1 

4.0284 

1 34 

3* 

7 

73 9 

76 9 


Ca 

6 5528 

6 70 

4 

6 

39.9 

42.1 


Sr 

6 0634 

8 19 

4 

6 

36.7 

39 1 


Pd 

3 . 880 

0.63 

5 

6.5 

96 6 

90.8 


rt 

3.9142 

0.36 

6 6 

8 

128.2 

135.0 


Au 

4 0626 

0.57 

6.5 

8 

88.9 

87.3 

63.3 

Li 

3 40 

8.7 

1 6 

6 

33.8 

38.0 


Na 

4.2250 

15.6 

2 

6 

26.8 

26.0 

23.2, 26.9 

K 

6 2260 

36.0 

2 

6 

22 8 

21.7 

27.9, 24.2 

Cs 

6.0460 

67.0 

2 

6 

18.6 

19.1 


Mo 

3.1432 

0.36 

5 

7 

166.7 

167.1 


Cr 

2 8818 

0.62 

5 

7 

83.8 

94.6 


Fo 

2.8590 

0.59 

4 

7 

89.9 

98.9 


Zn 

2.650** 

1.60 

5 

7 

29.9 

31.1 


Cd 

2 970** 

2.41 

6 

7 

22 64 

26.76 


Mg 

3.190*+ 

2.96 

4 

6 

40.4 

35.3 



♦Valuoa are changed by unity, **NeareBt neighbour diatanoo. 

(a) Varshni & Bloore, 1963, (6) Kittel 1987. (c) Kittel 1961, (d) Kuhn & Van Vleok I960, 
(c) Kambe 196/), 
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choice of and will be equally suitable, provided it satisfies the condition 

( -f ) 

Palladium which does not find a place in studies of Furth (1944) is also included 
in this list. In general our calculated values are in good agreement with the ex- 
perimental data. 

It is interesting to note that an excellent agreement is obtained in quite 
complicated cases, such as platinum and molybdenum etc., with this simple two 
term potential. Difference in our calculated values from the experimental ones 
may be partly attributed to the uncertainty in the values of compressibility, 
which is taken from the work of Furth (1944) and data collected by Kittol (1961), 
and it is referred to at room temperature. The experimental values of the cohe- 
sive energies (Kittel 1967) are also at room temperature 

It may be pointed out that a similar logarithmic form for the overlap 
repulsion, adopted between a pair of atoms in solidified noble gases is found to 
predict the experimental results fairly avoII (Bohari 1969). 
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Ionization potentials and Rydberg series in Kr I sequence 

By M. 8. Z. Chaghtai and Zahid Ali 
Physic-a Depart7ntnt, Muslim, University ^ Aligarh {U.P.) 

{Eeceived 21 May 1970) 

The ionization potentialH have boon ro-evaluatod for ZrV and NbVl using Edlen’s 
formula, and quantum defect has boon plotted m Rydberg series for the existing energy 
levels of ZrV, NbVl and Mo VII. Uptodate situation of the study in the Kr I sequonce 
IS biiefly reviewed. 


Inteoduotion 

In the KrI isequence, only the first member has been studied in detail 
(Moore 1952, 1969). The second member, Kbll, was studied some forty years 
ago by Laporte ei al, (1931) and only a few transitions to the ground level were 
reported by Charles (1950, see Moore 1952) in NbVl and Mo VII about twenty 
years ago. One of us (Chaghtai 1969, 1970) recently reported an almost complete 
set of observable transitions to the ground level in ZrV and NbVl, the former# 
spectrum for the first time. He also added a few transitions and corrected 
one reported transition in MoVJI. This work permitted evaluation of the aeries 
limits of ZrV and re-evaluation of the reported limits of NbVl and MoVII. The 
iso-electronic diagrams, drawn according to the suggestion of Edl6n (Priv. Com.), 
led to suspect some of the previous identifreations in Rbll, whereas in ZrV 
itself one ambiguity was left due to level crossing and moagi'encss of the data 
available in the sequence for comparison. 

Reader & Ep.stein (1970) have since then reported some results of theii’ study 
of this sequence. They have found the first five excited levels in YIV and SrllT, 
and re-studied RbTI, which they have revised and extended, confirming Chaghtai 
through their re-idontification of the transitions from 4d and the identification 
of these from 7s. This iso-electronic sequence can now be supposed to be known 
completely for the levels 4d (ip^, ^P^) and G 5 (^Pi, The graphs are 

remarltably smooth except that for 4d ^Pj, which shows some irregularity in the 
region SiTII to ZrV. This may have arisen due to the suppression of the 4d ^Pi 
level by the nd ^P^ levels in YIV in the way Cowan (1968) has discussed theoreti- 
cally This anomaly might, however, also suggest the possibility of revising the 
identification of the transition from this level in YIV. 

Chaglitai, (1970), had pointed out the possibility of interchanging his identi- 
fications of the transitions from 5d ^Pj and 6s ^P^. Reader and Epstein (1970), 
in the light of their above mentioned work, suggest that these levels should of 
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course be interchanged to fit better in the iso-electronic comparison. TJiis will 
affect the limit calculations for ZrV. Therefoie, it is considered worthwhile 
to re-calculate these limits using the method of Edl^n (1964), as described below. 
Profitting from this occasion, we have also traced the Rydberg series for the last 
three observed members of this sequence in order to show the variation of the 
quantum defect More precise values of S, than what can bo obtained graphi- 
cally, are tabulated below in view of their importance in atomic theory (Biberman 
& Norman 1967, Seaton 1970). 


Rydberg series and limit caloulation 


Energy levels with the same I, s and j values in the same si)ectrum, but with 
different principal quantum number, n, constitute a Rydberg series. If 
is ilio energy ol a level measured from the ground level, T^^ the term value measured 
from the ionization limit and Ei the term value of the ground level, all expressed 
iu cm'''(K), Ave have the following expression for the terra value of a level 'with 
principal quantum number 7i (effective value n* = n—S) of the Z-th member 
of an iso-olectronio sequence 


m jp rp 


... ( 1 ) 


Supposing the Ritz formula 


71—71* = S — ad — - 
11* 


... ( 2 ) 


to take account of the small but appreciable variation of d with ti. in the same 
Rytlberg series, wo can exj)ect to evaluate Ei if at least three members of the 
Rydberg series are known. 

Edkm (1964) has described a method of solving (1) and (2) with Wg and 
flg According to his method, one should begin with an approximate value of Ei, 
guessed or extrapolated. Then aijproximate values of T ^, and coitos- 

pondingly of tIj*, 112 *, as w^ell as of Jj, dz, can be calculated. The method 
of successive approximation leads to improvement upon the value of Ei in each 
step, till the results are consistent wdthin a desired limit between consecutive 
steps. Edlen has calculated the correction term for each step to be 


^T - Ei-E'i = 


(Ti-Ti) ( ^ ) -(rj-ys)! ^ ) 


( 3 ) 


In our case, considerations of accuracy of the term values (about 10 cm*^) couj)lod 
with the fact that we are calculating Ei with the help of s levels, which are highly 
penetrating and not totally free from perturbation arising from configuration 
interaction, do not permit us to give more than four significant figures in the fimit 
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value. The limit of tolerance for the limit evaluations is, therefore, taken to be 
of the order of 100 cm"^. 

Tlio evaluated values of the two limits corresponding to ns and ns 
are adjusted to differ exactly by the already known interval of 4p'’ ^Pi/2-3/a- 
This means that the first limit of the spectra under consideration that we report, 
is the average of the two evaluations; the second limit is obtained by simply 
adding to it the ^Pi/2_3/2 interval of the next higher spectrum of the elements 
studied. 

ZrV 

In the Krl sequence, ZrV is situated crucially as regards the crossing of the 
4d and 5.y levels, 4fi ^Pi is situated near 5s ^Pj, and Sd^Pj^ near 6s ®Pi, possibly 
introducing perturbation in both the ns Rydberg series The three intervals 
ns (^Pi— ®Pi) for n — 5, 6, 7 with values 14755, 15143 and 13823 cm-^ compare, 
of course, well with the 4p® interval of 15600 cm" but, in total 

absence of data on YIV and SrllJ, as W'ell as in view of the situation earlier 
existent in HbTl, a second choice of]1832cnr^ for the 65 ^P^—^Pi interval 
seemed almost as evident. 

Reader and JUpstoin’s work (see earlier) has now changed this picture and, 
relying on their woik upon the revision of 5d and 0.y levels of Rbll, a clioicc of 
15143 om“^ for the 6 .si— interval seems more appropriate. This question 
will, however, be finally settled in future when the 5d and Os levels of SrlTI and 
YIV vvill bo completely known. 

We have re-ovaluated the series limits of ZrV using both choices of 6,y ^Pj, 
and the results are tabulated both in cm“^ and eV (table 1). The quantum 


Table 1. Ionization potentials 


Sportium 

iRt limit 


2nd limit 



cm"^ 

eV 

cm“^ 

eV 

ZrV 

a 

633400 

78.14 

649000 

80.06 


0 

631671 

77.91 

660838 

80.29 


a 

636800 

78.66 

652400 

80 48 


c 

638336 

78.76 

660838 

80.29 

NbVI 

a 

828600 

102.22 

847799 

104.68 


c 

830313 

102.43 

846111 

104,38 

MoVII 

a 

1022800 

120.17 

1046073 

129.04 


a ~ adoptod value 

c = calculated value 

a', c' refer to the new osBignmont of 

(see text). 
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defects calculated using either set of the limit values, have been tabulated (table 2) . 
The limit comes out to be 636800 cm-^ if 6s is taken to be 473079 cm“^ and 
633400 om“^ if 6s®Pi is taken equal to 476390 cm-^. The difference of 3400 cm~^ 
between those values is small compared to their difference from earlier reported 
value of 657600 cm“^. Therefore, by the present limit calculation, we have in 
any case improved upon the earlier. 


Table 2. Quantum defects in ZrV. 


De'^ignation 



H* 

8 

T'(cm-’) 

n*' 

6^ 

id 

"Pi 

243590 

389810 

2 6505 

1 3590 

393210 

2.0410 

1,3690 



271455 

361945 

2.7623 

1.2478 

365345 

2 7386 

1.2614 


iPi 

.339676 

309324 

2 9749 

1 0259 

312724 

2.9680 

1.0420 

„ 5a 

"Pi 

328938 

304462 

3.0000 

2 0000 

307802 

2 9832 

2 OIOS 


^Pi 

343693 

306307 

2 9958 

2.0042 

308707 

2 . 9790 

2 0210 

Bd 

"Pi 

452940 

180460 

3 8987 

1.1013 

183800 

3 8000 

1 . 1400 



462280 

171120 

4.0031 

0 9909 

174520 

3.9623 

1 0377 


^Pi 

473079 

175921 

3 9465 

1 0635 

163721 

4.0926 

1 . 9074 

,1 6a 

ap, 

476390 

167010 

4 1773 

1 . 8227 

176010 

3.9466 

1.0536 


iPi 

4SB222 

160778 

4 . 1292 

1 8709 

164178 

4 0865 

1 9135 

„ 76 

"ih 

533837 

99563 

6.2240 

1.7560 

102963 

6.1476 

1 . 8626 


iPi 

647660 

101340 

6 1960 

1 8040 

101740 

5.0990 

1.9010 

T 

, w*, 

Y, rofor to tho old aasigiimcni of 6a ®l’ 

level anrl to tho oorros])onding limit values, 

whcive as T', 

n*', 3' I’ofor to the new aiisignment (see text). 





Table 3. Quantum defects in NbVI and Mo VII 


Nb VI Mo VII 


Designation 

E(cm“^) T(cin-'i) 

w* 

8 

E(cm-q T(om'i) 

n* 

8 

iP^ id 3Pt 

274864 

663746 

2. 6698 

I 3302 

306663 

717237 

2.7580 

1,2620 


"•Di 

306941 

521659 

2.7495 

1.2506 

341766 

681126 

2.8086 

1.1914 



384097 

463702 

2,9147 

1-0853 

426726 

619348 

2.9449 

1.0551 


"Pi 

402038 

420562 

3 0417 

1.9583 

481292 

541608 

3.1460 

1.8540 



419868 

427941 

3.0367 

1.9643 

602919 

543164 

3-1460 

1.8640 

„ Bd 

"Pi 

563869 

274731 

3.7899 

1.2101 






3I>1 

663215 

266385 

3.8569 

1.1441 

668275 

354526 

3.8910 

1.1090 


iPl 

680280 

267510 

3,8418 

1.1682 

688895 

357178 

3.8784 

1 1216 

,, 6a 


687613 

240087 

4.0472 

1 . 9629 

709446 

313364 

4.1412 

1.8588 


*Pl 

601646 

241654 

4.0427 

1.9673 

731663 

314410 

4.1363 

1 . 8647 

„ 7a 

"Pi 

674400 

164200 

5.0602 

1 . 9408 





„ „ 

iPl 

602018 

165781 

6.0342 

1.9658 






2 
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Spectrum. In the case of Mo VII, the limits have not been re-evaluated because 
7s terms are not known in this spectrum. The Rydberg diagrams have been, 
nevertheless, drawn in order to permit comparison with the neighbouring spectra. 

Discussion 

Figures 1 and 2 permit us to examine together the variation of 8 with n for 
the various Rydberg series of the three spectra. The difference between the 
quantum defect of the and “Pj levels of ns increases rather regularly for higher 
n values both in NbVI and ZrV. However, in the case of ZrV, the series pertur- 
bation is made evident by the different slopes of 5^—65 and 6s— 7s lines. In the 
case of MoVTI, only the 6s, 6s levels are known, but the corresponding e^-plots 
show a close resemblance with the situation in NbVI. This was expected from 
the absence of 4d~5s interaction in the series from NbVl onwards. 

The quantum defects for the much loss penetrating nd levels are naturally 
much smaller. The behaviour of ^Pj level is singular, as its quantum defect de- 
creases with bigger n, contrarily to ^Pj and levels of nd system where it in- 
creases, and to levels of ns system where it remains sensibly constant. This 
tendency of 8 for d^Pj appears to accentuate with higher members of the iso- 
cloctronic sequence, whore the pressure of 5$ levels on 4d^Pi disappears. The 
levels with bigger I are in general expected to bo less penetrating, but the 'Pj 
lies much above the otlier levels in 4d configuration, whereas it lies nearer to them 
for higher n members of the Rydberg series. This explains the anomaly. 
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Electron collision frequency in Martian ionosphere 

By D. C. Agarwaii 

J. K. Institute of Applied Physics and Technology 
Allahabad University ^ Allahabad 
{Received 23 May 1969, revised 6 February 1970) 

The roBulis for F 2 region (Bradbury Layer) collision frequency of the Martian atmos- 
phere are presented. It w observed that for this layer, the collision frequency of 
electrons with neutral constituents aro negligible in oompariaon to that with positive 
ions. The region collision frequency is found to bo 7.6 x 10® 8ec“^. 

Intbodtjotion 

The collision frequency of electrons 'wdth neutral and ionized gases of earth’s at- 
mosphere is well established. For the Martian atmosphere, it has neither been 
experimentally nor theoretically deduced. It is the purpose of the present paper 
to calculate these collison frequency in the Martian ionosphere. 

ThBORETIOAL CONSIDBEATIONS 

The collision frequency of electrons with neutral gases depends on (a) 
the distribution of electron velocities, (b) the variation of electron collision cross- 
section for each gas with electron velocity and (c) the number densities of the 
neutral gases present Thus, collision frequency for mono-energetic electrons, vm 
is proportional to the electron- collision cross-section tr, the electron velocity v, 
and the density of each gas p, i.e., 

vm^(rvp ... ( 1 ) 

where, o* is a complex function of v. 

This expression can be rewritten in a simpler form according to Gerson 

(1961) : 



where, h is the Boltzmann’s constant, T is the absolute temperature of the region 
under consideration, m is the mass of the electron and N is the number density 
of the gas with which the electrons collide. 

The argument given above is strictly true only if the electron temperature 
and the gas temperature are the same. Otherwise, the collision frequency at 
each height should bo increased by the ratio TeJTg, where Te is the electron 
temperature and Tg is the gas temperature. 
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According to Nicolet (1953), the coUiaion frequency of electrons with posi- 
tive ions is given hy 

vu = [ 34+8.36 log ^ - (3) 

where T is the absolute temperature of the region under consideration, JVg is the 
electron density and Ni is the positive ion density. The expression (3) is valid 
only if the electron temperature Te is same as the ion tem7)eTature Ti MTe Tt, 
tlien one should adopt the following expression for vie (Thraiie & Piggott, 1966) 

= [a+6 In T,{T,INi)nN,Te-'^l^- ... (4) 

wliero, a and h are constants. 

Total collision frequency of the region is the sum of and vif, (Ramana & Rao, 
1961) as the collision frequency of electrons with the negative ions is negligble, 
i a., 

v — vm-l-v(e ( 5 ) 


3. Results and discussions 

The -Fg region of the Martian ionosphere is at about 128 km high from its 
surface (J’joldbo & Eahleman, 1968). For this region, the calculated values of 
the collison frequency of electrons with neutral and ionized gases are tabulated 
in table 1 In this calculation, it is asumed that Te == = Tff and neutral 

particle concentrations in F^ region are taken from Fjeldbo & Eshloman’s 
paper (1968). The positive ion distribution has been taken from Agarwal’s 
paper (1970). From table 1, it is apparent that j/O, the collision frequency of 

Table 1. Collision frequency of electrons with neutrals and Ions 


Neutral 

gas 

Collision 
frequency of 
electrons with 
neutral gas 
at 128 ^ 

Ionized 

gas 

Collision 
frequency of 
oleobi’ons with 
-f vo ions at 

128 km 

COa 

8.2x lO-^sec-i 

CO 2 + 

3 X lO^seo”^ 

CO 

8.6 X 10“^Beo-^ 

CO+ 

2.4 X 10®s6o”^ 

Oa 

2.6 X lO-’seo”^ 

Oa+ 

1.2x 10®Beo-^ 

0 

8.60 sec“i 

0+ 

1.0 X lO^sec"^ 


electrons with oxygen atoms is larger than ^Oa- However, in com- 

pfirison to the collision frequency of electrons with positive ions vO is negligible 
and hence v = Among *'q > >^0+’ ^COa *- largest be 

cause of their largest number density in that region. 
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l<’rom table 1, 

'' = ''co,^-+’’co-+''o.++''ot = 10» seo-i. 

As no experimental values of v are available, the calculated value could not 
be compared with them. It is proposed that v should be determined also by 
experiments as it would be useful in framing a better theoretical model. 
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Electronic spectra of 2,4-xylenol in different states 
By J>. Mabjit 
DepartmaTii of Optics^ 

hidian Association for the Cultivation of Science, CalcvMa-^2 
(Received 20 June 1970 — Revised 11 August 1970) 

The ultraviolet absorption spoctnim of 2, 4-xylenol in vapour state has been recorded 
and analysed. The spectrum is found to consist of weak absorption bands with the 
0,0 band at 35312 cm“^. The vibrational analysis indicatos that tho band system of 
ihe molecule is duo to an allowed transition and i-ho weakness of absorption has been 
atlributed to small migration moment. Tho spectra of the sulistance in the liquid and 
solid states and m a solution of cyclohexane have also been recorded and the observed 
results discusHud. 


Introduction 

The doi)oiiden('o of inliensity of bands in the near ultraviolet absorption spectra 
()1 polysubstitutod benzene compounds on tho resultant migration moment w^as 
disi'UKsed by Sklar (1942). iSponor (1947) reported analysis of absorption spectra 
of several trichloro- and trimethyl benzenes in vapour state and observed that tho 
intensity of absorption is large for molecules like 1, 2, 4-C(iH3X3 molecules, vidiile 
for molecules like 1, 2, S-CgHaXa tlie intensity is veiy small and tho 0, 0 band is 
abHont though the transition is allowed by syjnmeiiy. TJie results are in accord 
wi(;h the idea of Sklar that for 1, 2, d-CellgXa molecule the migration moment 
vectors add to give a largo resultant moment, whereas, for molecules like 1,2, 
Il-CuHaXg this rosultaiit is zero. Sklar’s idea was later extended by Platt (1951) 
to different substituents in benzene and other large ring molecules. 

Analyses of absorption spectra of only a few trisubstituted benzene compounds 
with ditforeiit substituents (with different X) have been reported in literature. 
A firogramme was undertaken to record and analyse tho spectra of a few such 
Compounds in vapour state. The results obtained with 2,4-xylcnol and its spectra 
in liquid and solid states and in solution wore recorded, and the observed results 
are reported in this paper. 


Experimental 

Tho chemically pure sample of 2, 4-xylonol w^as obtained from B.D.H. 
T’lio sample was carefully fractionated and proper fraction was distilled under 
reduced pressure before use. 

To study the abaoption spectra of 2, 4-xylenol in the vapour phase at different 
temperatures, absorption cells usually long tubes of different lengths provided 
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with quartz windows were used. The liquid was kept in a bulb connected to the 
absorption coll by a side tube. The bulb was placed inside a box heater and the 
absorption tube was placed inside a cylindrical heater, the temperature of which 
was kept about 10° C higher than that of the box heater. The absorption tubes 
together with the attached bulbs were evacuated and sealed off. The best specto- 
gram was obtained with a 100 cm vapour tube maintained at ST^C, Increase in 
temperature of the tube did not result in any improvement of intensity of the band.s. 
To identify the 0, 0 band and eliminate bauds due to d—v' transition, a 30 cm 
vapour tube was taken and the temperature of the bulb was varied to obtain 
different pressures of the absorbing vapour. 

The experimental arrangements for studying photographically the absorption 
spectra of 2, 4-xylcnol in the liquid state at room temperature, in the solid state 
at — ]80°C and in solution in speci)iire cychdiexane at 32° C were the same as 
those used by earlier workers, viz. Banerjee (1956), Sirkar & Misra (1959). 

The absorption spectra were photographed on Kodak Spectrum Analysis 
No. 1 film with an Adam Bilger all metal El spectrograph (E 478) having dis- 
persion of about 2 sA/miii in the 260oA region. Iron arc spectrum was also 
photographed votli a Hartmann diaphragm on each film for comparison. 

Micropliotometric records of the spectra were taken with a Kipp & ZorW 
typo self-recording Moll microplioiometer. The method of determinatioti of the 
positions of the absorption maxima was the same as that given by Baueijce 
(1956). The accuracy in the measurements of positions of the absorption peaks 
was ilO cm~^ for narrow bands and ±20 cm~^ for broader bands while the 
uncertainty in the case of broad diffuse bauds was much larger. 

The Raman spectrum and tlie state of polarization of Raman lines were photo- 
graphed in a Fuess glass spootrograi>h, and the infrared absorption bands of the 
samjdo were recorded in the usual way with a Perkin Elmer Model 21 spootro- 
photo meter fitted with rock salt optics (Chattopadhyay & Mukerjee 1967). 

Results 

The micropliotometric records of the absorption spectra of 2, 4-xylenol in 
the vapour, liquid and solid states and in solution in cyclohexane are reproduced 
in figui'es 1 and 2. The positions of the absorption maxima, their relative inten- 
sities and probable assignments are given in tables 1, 2 and 3. 

The vibrational spectra of 2, 4-xylenol were only partially reported by earlier 
authors. The infrared spectra and the Raman spectra with state of polarization 
of the lines of this compound were also recorded. These data are included m 
table 4. 
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Fxqume 1. Microphotometrio rocords of the ultraviolet absoxption apootra of 2. 4-xyleuol in 
the vapour state at 37“C. 



Fioonw 2. Miorophotometrio records of the ultraviolet absorption spectra of 2, 4-xylenol 
in different states and in solution, 
a} Liquid slate at 26°C 

b) Solid state at — 180®C 

c) 8.6xlO‘~*M solution of 2, 4*xylenol in cyclohexane at 32'’C 


Disottbsion 


The spectrum in the vapour state 

The molecule of 2, 4-xyleuol may at most bo assumed to belong to C, point 
gioup, and the electronic transition corresponding to A^g^B^u transition in ben- 
Zfino would be an A'— A* transition which is allowed by symmetry of the mole- 
cule. Xhe absorption spectrum due to the vapour consists of four groups of bands. 
Each group consists of several narrow bands degraded towards the red. The 

3 
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band at 35312 cm-* in tlio first group is found to persist with relatively undimi- 
nishod intensity at lower pressures of the absorbing vapour and has been taken as 
the 0, 0 band of the system. The bands on the larger wave length side could then 
be assigned to v—o and v—v transitions as indicated in table 1. 

Table 1. Ultraviolet absorption spectrum of 2, 4-xylenol in the 
vapour state at 37“ C 


Wave No. in 

Difference 


cm”^ of abaorp- 

from the 


tion band with 
int/OiiHity 

0, 0 band 

AsBignmont 

34960 vw 

— 362 

0-362 

35023 w 

-- 289 

0—280 

35089 m 

— 223 

0—223 

35310 m 

~ 168 

0-168 

35180 m 

~ 132 

0-132 

35236 ma 

- 77 

0- 77 
0-289 + 212 

35280 a 

- 32 

0- 32 

0- 132 + 100 

35312 s 

0 

0, 0 

35382 vw 

70 

0+ 70 

35412 ma 

100 

0 + 100 

35437 vw 

125 

0 + 126 

36524 vw 

212 

0+212 

36682 w 

270 

0+270 

36633 m 

321 

0+321 

36780 w 

468 

0+468 

35832 m 

620 

0+620 

35903 m 

691 

0 + 626-32 

36938 8 

G26 

0 + 626 

3.5979 8 

667 

0+667 

36028 w 

716 

0+626 + 100 

36080 w 

768 

0+667 + 100 

36134 m 

812 

0+812 

36186 m 

874 

0 + 874 

36359 ms 

1049 

0 + 2x520 

36638 m 

1226 

0 + 1220 

36672 m 

1260 

0 + 2x626 

36602 w 

1290 

0 + 620+676 

36804 vw 

1492 

0 + 026 + 874 

37202 ww 

1870 

0 + 3x626 
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TaBM 2. Ultraviolet absorption spectra of 2, 4.xylenol in the 
liquid and solid states 


Liquid at 26“C 

Solid at 

--180°C 

Wave no. in cm-' 
with iritonaity 

Soparation 
between tho 

BUGCeHSlVO 

bands in cm~^ 

Wave no in cra“^ 
with intensity 

Separation 
between the 
BUficOBsive 
bands iti 

36078 (ms) 


35196 (b) 



779 


740 

36867 (b) 


35941 (ma) 



1160 


578 

37026 (vs) 


36619 (rn) 





728 



37247 (m) 



Tables. Ultraviolet absorption spectrum of 8.5xlO“^M 
solution of 2, 4-xylenol in cycloliexaue at 32° C 


Wave uo. in cin“^ 
with intensity 

Assignment 

34930 (s) 

0,0 

35627 (s) 

0^ 697 

36800 (niB) 

0 + 876 

36181 (m) 

0 + 1261 

36882 (m) 

0 + 697 + 1261 


It can be seen that the ground state vibrational frequencies 158, 223, 289 
and 352 observed in the xirosent work agree reasonably with the Kaman 
sliifts 153, 212, 281 and 346 cm“^, respectively. The strong band at 35182 cm“^ 
on the long wave length side of the 0, 0 band, which could not bo assigned to a 
v—v transition, most probably represents a u— 0 transition involving a fundamental 
vibrational frequency 132 cm“^ in the lower state though such a frequency could 
not be detected in the Raman spectrum. On the short wave length side of the 
0, 0 band there is a moderately strong band at 35412 cm“^, which may represent 
a fundamental excited state vibraticmal frequency 100 cm"^, corresponding to 
the ground state vibrational frequency 132 cm"^ mentioned above. The correct- 
ness of the assignments is probably supported by the fact that there is also a 
band at 35280 cm“^ on the long wave length aide of the 0, 0 band and separated 
by 32 cm"^ from it which may be readily assigned to a v — v transition involving 
the two vibrational frequencies 132 cra“^ and 100 cm~^ in the upper and the lower 
states, respectively. ' The excited state frequency 70 cm“i may represent a suit- 
able torsional mode in the molecule. 
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Table 4 . Raman and infrared frequencies of 2, 4-Xylenol at 28° 0 


Kaman shift 
in CTn“^ 
(Magat, 1936) 

Kaman shift 
in cm"‘ 
(present work) 

Infrared 
frequency 
in cra-^ 
with intensity 
(present work) 


163 (1) D 


212 (6) 

210 (4) D 


278 (4) 

281 (3) B 


348 (6) 

346 (6) D 


446 (4) D 

448 (6) D 


490 (5) 

489 (6) P 


572 (6) 

671 (6) P 


717 (8) 

721 (10) P 

710 (m) 

770 (7) 

770 (8) P 

760 (s) 


810 (0) 

804 (vs) 


874 (0) 

868 (in) 

930 (5) 

932 (6) P 

924 (m) 

1032 (0) 

1036 (0) 

1006 (to) 

1030 (to) 


1122 (1) 

1112 (vs) 


1160 (2) P 

1146 (s) 


1190 (1) 

1194 (vsb) 

1266 (6) 

1266 (8) P 

1260 (vs) 


1324 (0) 

1330 (sb) 

1379 (6) 

1383 (7) P 

1376 (s) 


1417 (1) D 

1410 (s) 

1440 (1) 

1469 (1) D 

1462 (b) 


1610 (0) 

1506 (vs) 

1610 (6) 

1600 (2) 

1614 (8b) D 

1606 (m) 

2732 (1) 

2740 (2) D 


2862 (5) 

2875 (4) P 


2917 (10) 

2920 (10) P 

2926 (s) 

3034 (6) 

3203 (2) 

3056 (6) P 

3035 (TO) 


As can be seen from tables 1 and 4 that the excited state frequencies observed 
in the present investigation may bo correlated with the observed Raman and 
infrared frequencies with a fair degree of agreement. The prominent excited state 
frequencies 520, 626, 667 and 874 cm-i occur also in combinations. They may 
be correlated with the ground state frequencies 571, 721, 770 and 932 
peotively, all of which arise from symmetric modes belonging to a'-speoiesi as is 
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indicated by the fact that the corresponding Kaman lines are polarised. The 
general vibrational structure of the absorption spectrum of the molecule thus 
conforms to an electronic transition allowed by the symmetry of the molecule. 

The spectra in liquid and solid states and in solution 

In the liquid state 2, 4-xylenol yields very broad bands without any vibra- 
tional structure and only the wave numbers of centres of the bands could bo 
measured very approximately. It may be recalled that in the liquid state, mole- 
cules of this compound are associated with each other through iiitermolecular 
hydrogen bonding (Banerjeo & Miilcherjeo 1966). This may explain the very large 
width of bands in the spectrum of the liquid. When the liquid is frozen and cooled 
to — 180“0, the bands remain broad and structureless. 

The bands in the spectrum due to solution of 2, 4-xyionol in cyclohexane are 
a little sharper. The bands are somewhat bettor resolved from each other and 
the excited state frequencies 697, 876 and 1251 cm"^ (corresponding values ob- 
served in vapour spectrum are 667, 874 and 1226 cm"^, respectively) could be 
identified. 
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On the energy loss in Cerenkov radiation 

By N. D. Sen Gupta 

Tata Institute of Fufidamental Research, Bombay-^ 

{Received 30 Juine 1970) 

It IS shown that tho oloctromagnotic fu^ld energy associated with a charge -particle moving 
with uniform velocity sinen infinite remote past in im infinitely extended homogeneous 
inodium is constant. The usual expression for the rate of loss of energy of a particle 
calculated from the total Toynting flux is shown to bo negative of the volume integral 
of cE.j 


Introduction 

u 

In the problem of Coroiikov radiation emitted by n charge -particle moving in a 
homogenoouB medium with uniform velocity greater than the phase velocity of 
electromagnetic waves in tlie medium, it is usually assumed that the jjarticle 
is moving since infinite remote past. In order to obtain the energy emitted by 
the particle per unit time one calculates the total Poynting flux across a surface 
enclosing Ihe particle. The total flux is taken to be the rate of loss of eneigy 
per unit time. As the particle is moving from infinite remote past, if we take an 
overall picture of the elootre magnetic field associated with tlie partic-le, wo will 
find that the field quantities are moving in the forward direction with the same 
uniform velocity as that of the particle. Since the medium is homogeneous and 
isotropic the total field energy does not change with time, so long as hysterisis losses 
are neglected ; of course, the total field energy, as in case of a point particle, may 
bo infinite. As a matter of fact, the total flux across the bounded region is nothing 
but the volume integral of ~~cE j The Pojmting theorem states 


g^+VoExH = -cEJ. 

- (1) 

whore u is the energy density 



... (2) 

If the total energy, 

U = iudr 

... (3) 

(the integral being over the entire space, is indopondont of time), 
integrating equation (1) 

one obtains on 

f X H-ds = — f o.E J (ir, 

... W 
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111 the following sootion, it is explicitly shown that the usual expression for the 
rate of energy loss of the particle in tho Cerenkov radiation, which is calculated 
from the total flux of the Poynting vector, is nothing but the right hand side of 
the above equation. In section 3, it is shown that with the usual expressions for 

u 

£ and H due to a particle emitting Cerenkov radiation the total Held energy XJ 
(equations 2 and 3) is independent of time, i.e., dVjdt 0. It needs to be ompha- 
siziid that this is true so long as the particle is assumed to move with uniform 
velocity from infinite remote past in an infinitely extended homogeneous medium. 
Ill the last section, we have tried to iioint out the difference between the energy 
flowing across a given section and tho energy loss of the particle. 

2. The Expression for the Volume Integral of cEJ. 

Let tho charge -current due to a particle moving with uniform velocity v in 
a liomogeneous isotropic medium with dielectric con, stand e and permeability /z, 
be given by 

q = g^dir-vt), i = ^ 9- ■■■ (6) 

Tho expressions for E and H due to tho particle moving since infinite past are 
£ = 'j/2y<I)+ iiXiiX ... (H) 


H= ® vxE, - ( 7 ) 

-?!—], «= )i>| ... (8) 

efi 

1 ik.{r — rJ) J 1 

(Iwanenko & Sokolov 1953; Sen Gupta 19G5, 1968). With these expressions let 
us now calculate the volume integral of c£./ 



where 

and 


7 - 


(D = -^0 f 

( 271)3 ] 


i-r—y 

\k.v\ 
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The first term in the bracket does not contribute (considered as an improper 
integral), as the presence of the factor makes it an odd function of {k>v-)lv. 
Tho second term may be written as 


Sn^ 


\k.vis (v+V-r" i'^y) 


... ( 11 ) 


i) > 0, from equation (8), v > u i.e.y the case of Cerenkov radiation, the 
expression (11) becomes 

On writing oj for k-v one obtains finally 

= g ...(13) 

On taking account of tho dispersion of the medium the upper limit of the above 
integral is such that u{w) > as a> > a»o. It is exactly the same as tho ex- 
pression which is usually quoted for the rate of loss of energy by the particle 
calculated from the total Poynting flux (Iwanenko & Sokolov 1963). Hence, 
we obtain equation (4), which in turn implies that dUjdt — 0 from equations (1) 
and (3). In case of non-dispersive medium the integral on the right hand side 
of (13) is unbounded which is also expected as E on the left hand is tho self-field 
and diverges strongly at tho position of the charge. 

ii) <0 i,e., v < u, tho integral (11) has no contribution. Hence, the 
volume integral of E j is zero. It is also well known that the total Poynting flux 
across a surface enclosing the charge is zero. Thus, we obtain again dUjdt = 0, 

3. The Total Field Energy 

The field quantities may be better expressed in spherical polar coordinates, 
with the instantaneous position of the particle as pole and the line of flight of the 
particle as axis. Thus, 


E = 

27rev* 




(U) 


i) y^ > 0. The expression for the field energy (equations (2) and (3)) integrated 

u 

over the region of Cerenkov cone is 


17= lim 

47reD« 

1?— >0 



dB 

jR3 


sin^ 6 


... (16) 
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where cos — uyjv. The upper limit of R integration does not contribute, the 
lower limit is divergent but independent of time Again, the upper limit of d 
integration is divergent but independent of time. 

ii) 7 ** < 0 : The expression (15) is similar, with only change of upper limit 
of 0 integration which is now tt. Thus, in both the cases 




(16) 


Hence, the total field energy is constant, though, it is unbounded. This diver- 
gence is due to the self-energy which dopemis also on the particle velocity and the 
oloctromagnetic properties of tlu^ material medium. The fact that the total energy 
IS independent of time is also cxiiected from simple ground as has been noted in 
the introduction. As the particle is moving with unih)rm velocity from infinite 
past, the field quantities are only translated vdth the same uniform velocity 
with the evolution of time. Since the total energy, which is obtained by inte- 
grating over the whole space, is invaiiant with respiict to this translation, it 
remains the same. 


In the conclusion, wo wish to point out that the total Poynting flux gives only 
the flow across the surface. It is not proper to take this as the rale of loss of energy 
by the particle duo to the radiation. Because the particle can only lose energy 
to the field and we have shown the total field energy duo to a particle moving 
with uniform velocity (v < u or < u) since infinite past, is constant. On the other 

U 

hand, in the usual formulation of the Cerenkov radiation, the particle is assumed 
to ho moving with uniform velocity from infinite past and it is said to bo losing 
energy. Those two statements are in general contreadictory They are agreeable 
only when the rate of loss of the energy of the particle is zero as wo have shown 
above. It seems a reformulation of the problem of energy loss of the particle 
IS necessary. 
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Measurement of diurnal cosmic ray intensity variation at 
Calcutta with a meson telescope 
BY (Mrs) Saramma Alexander and S. D. Chatterjee* 
Department of Physics^ Jadavpur University ^ Calcutta-32 
(Received 22 July 1970) 


The djui’nal and somi-diurnal variations of meson intensity have been measured at 
Calcutta (Geographical latitude 22”32'N and longitude 88°20'E at soa-lovel) with a 
m(’8on leloscope. 

The diurnal variation has an amplitude of 0.13% with the time-maximum at 10.52 
hrs I.S T which corre.^^ponds to 11 hrs. 13 min. local time. Similarly, tho aomidiurnal 
variation has been found to have an amplitude of 0.06% oorrespondlng to a time 
maximum of 10 hrs 10 min local time. 

The results have been compared with those obtained at vaj'ious other places by other 
workers in the field. 


Introduction 

It is generally recognised that one of the fruitful methods of 8 tud 3 nng the influence 
of the solar field on cosmic rays reaching tho surface of tho earth is by analysing 
their diurnal and semi-diurnal variations Since the axis of rotation of the earth 
and its magnetic axis are inclined to each other, it is reasonable to expect that the 
anisotropy of cosmic rays incident on the earth will have different pliase and 
amplitude at different stations on the same latitude. The collection of data cn 
various parameters, including tho time variations at different localities has been 
an accepted program in the study of cosmic rays. 

The results of the study of data collected for Calcutta (Geographical latitude 
22''32'N and longitude 88°20'E) during a period of nearly one and a half years 
during 1967-69, when the solar activity was at its peak for the present cycle, are 
given here. Another notable feature of scientific interest of Calcutta is its closeness 
to the Bay of Bengal, where geomagnetic anomaly is present, the significance 
of whicli in relation to a number of terrestrial phenomena has not yet been fully 
explained For collecting the data under study, a wide angle meson telescope of 
cubical geometry approximately following I GY specifications has been used. 
The hourly readings are corrected for atmospheric pressure variations and the 
corrected readings are subjected to harmonic analysis for the first five Fourier 
coefficients. Using the first coefficient, the amplitudes and time of maximum 
for the diurnal and semidiurnal variations are calculated and the results are 
represented on the harmonic dial. 

♦Present address; Indian Association for the Cultivation of ffeienoe, Jadavpur, Calcutta-32 
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Experimental 

A wide angle triple coincidence meson telescope was set up for the present 
work. It has a cubical geometr}^ of 2 ft x 2 ft x 2 ft subtending an angle of 45“ 
with three trays having 15 Geiger counters in each. Between the bottom and 
middle trays there is a 10 cm thick lead filter. The Geiger counters have beenlooally 
fabricated from brass tubes of 2 ft length and IJ inches diameter with a wall 
thickness of 1/16 inch and filled with a mixture of argon and ethyl acetate to a 
pressure of nearly 9 cm of Hg so as to have a working voltage of about 1000 volts. 
The ends of the brass tubes are closed by means of brass plugs provided with 
central holes through which pass two narrow glass tubes to which the central 
filament is fused. Incidentally, the glass tubes also serve the purpose of insulating 
tlie central filament from the outer metallic tubes. The different components 
are assembled together and sealed by means of araldite resin. 

Each counter is connected to a quenching unit consisting of 12AT7 uni- 
vibrators. Fifteen such quenching units are accommodated in one tray and 
coupled to a cathode -follower* tube EE91. The pulses from the three trays are 
fed to a Rossi coincidence cii-cuit, the output of which is fed to a scaler having 
a scaling factor of 128 The fina.1 scaled output operates a mechanical recorder 
tlirough a driver unit. 

The poAver supply to the various electronic circuits (except the Geiger counters) 
are derived from electronically stabilized power packs. The high tension to the 
counters is obtained directly from a neon stabilized H.T. unit. 

The hourly readings of the mechanical recorder along with corresponding 
times and dates are photographed simultaneously by means of an automatic 
camera operated by micro -switches and controlled by an external wall clock. 
The hourly ground pressure is recorded by a micro-barograph. 

A negative voltage of nearly 1000 volts, depending upon the requirement of 
each counter, is fed to the brass tube of the Geiger counter which acts as the 
cathode. The central filament is connected to the plate of the quenching unit 
wliich is kept at a potential of nearly -f-SOO volts when the counter is not 
Avorking. Different counters having slightly different working voltages, are 
supplied from a voltage distributor from which any suitable voltage of 1000^ 
400V could be tapped. 

The counter usually possesses a plateau of nearly 280 volts and the average 
life of a counter has been found to be nearly 10 months. 

Habmonio analysis of results 

Observations have been made for a period of nearly one and a half years 
starting from December 1967 to April 1969. Since the period under review was 
characterized by solar activities and geomagnetic disturbances, the readings of 
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several days have had to he discarded on account of their large fluctuations. 
Readings for ncaily 180 days have accordingly been chosen for the present 
analysis, which are corrected for the atmospheric pressure effect, A pressure 
coefficient of —0.17% per m.b. has been used for the usual correction. A sample 
of correlation analysis from a few months’ data yielded nearly identical value for 
the pressure coefficient. The pressure corrected hourly values are next subjected 
to harmonic analysis for the first five Fourier coefficients from which the ampli- 
tude and time of maximum of the diurnal variation and semidiurnal variation are 
calculated using the following equation : 

f{M) = ao+(ai cos sin cos sin 2a>^) ... (1) 

where, M — the hourly meson count 

= the constant for the day 
fltj, = the first harmonic coefficients 

ajj, /?2 — tlie second harmonic coefficients 

oj = the ajigular velocity i.e,, 277'/24: in this particular case 

and t = time 

The first harmonic (a^ cos sin o>t) can be rewritten as A sin(a>^+c), 

where A represents the amjDlitudo w'hich is equal to and the time 

of maximum is when — 7r/2 ic , 

J+tan->f;. = W2 ... (2) 

Similarly, the amplitude and time of maximum for the second harmonics 
are also calculated. The results are represented on a 24 hour harmonic dial for 
the diurnal variation and a 12 hour harmonic dial for the semidiurnal variation, 
following Bartels’ (1936) method. Probable error circles are drawn on the har- 
monic dial using Bartel’s (1932) method, with the ‘centre of the cloud’ as the centre 
and Pi = 0.832 Jf/, as the radius when Mi = i = 1, 2, 3, ... 

‘ N 

the average square distance of each point from the centre of the cloud. The 
number of points within the circle is approximately the same as the number of 
points outside. 

The amplitude of the diurnal of variation has been found to be 0.13% with 
the time of maximum at 10.52 hrs T.S.T. which is the same as 11 hrs 13 min local 
time. The amplitude of the semidiurnal variation is found to be 0.06% and the 
time of maximum at 16.10 hrs local time, respectively. Figures 1 and 2 represent 
the harmonic dials for the diurnal and semi-diurnal variations of cosmic ray 
intensity at Calcutta. 
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Figure 1. Harmonic dial with circle of standard deviation for diurnal variation of cosmic 
ray intenaity 



Figure 2. Horraonio dial with oirolo of standard deviation for the semi-diurnal variation 
of oosmio ray intensity. 

Discussion 

Since only on© telescope lias been used whoso counting rate is scaled down to 
about 280 hourSj the statistical error is found to be rather high. 



354 


(Mrs) Saramma Alexander and S. D. Chatter jee 


The theoretical value of tho time of maximum is about 18.00 hrs. According 
to Kano (1967) the geomagnetic bend would shift it by 2-3 hrs earlier in the case 
of the sea level mesons to about 16.00 hrs. In the present work the time of maxi- 
mum of the diurnal variation is slightly earlier than the theoretical value which 
usually falls in the afternoon. One reason for the early occurrence of the time of 
maximum is that Calcutta is closer to the equator. Sarabhai et al (1955) while 
studying the daily variations at low latitudes using counter telescope data, ob- 
served that the time of maximum fr>r diurnal variation comes earlier in lower 
latitudes. The actual monthly mean value of the amplitude for Ahmodabad 
varied from 0.22% to 0.71% and the time of maximum varied between 6.00 
hrs, and 12 00 hrs. For the semidiurnal component, the amplitude varied between 
0.02% to 0.26% while the time of maximum remained widely scattered. Forbush 
et al (1960) studied the diurnal and semi-diurnal variations for a period of 23 
years (1937 to 1959) using ionization chamber data from Chetlonham, Huancayo 
and Christchurch applying statistical methods after correcting for atmospheric 
variations and got the mean value of the amplitude for the 1st harmonics as 
0.12% and time of maximum at 13.48 hrs (L.T.) for Cheltenham, 0.15% and 
10.40 hrs (L.T.) for Huancayo and 0 12% and 13.26 hrs (L T.) for Christchurch, 
while the second harmonic had the amplitude 0.036% and time of maximum 
1.62 hrs for Cheltenham, 0.054% and 2.40 hrs for Christchurch. ^ 

Huancayo, being closer to the equator, has the time of maximum shifted 
towards earlier hours, as compared to other two stations. The present results 
of 0.13% and 11 Ins 13 min for Calcutta is comparable to Forbush’s results for 
Huancayo which is at a still lower latitude than Calcutta. 

Kanno (1961) has studied the data from 45 stations and found that the time 
of maximum of diurnal variation changes from 9.00 hrs to 18.00 hrs and it increases 
with the latitude. The effect is very prominent in the case of the sea level stations. 

The solar activity during the period under study was veiy high which also 
might have contributed to the shift of the time of maximum to earlier hours. 
It is )vell known that such phase shifts of the variation take place during magneti- 
cally disturbed periods. Sarabhai et al (1955), Kane (1963) and Murthy et at 
(1965) observed that during high geomagnetic disturbances the times of maximum 
were shifted towards the earlier hours. Duggal et al (1962) noticed that during 
disturbed periods the diurnal variation vector had turned around the clock in 
8 days. 

Another factor that might have possibly influenced our time of maximum 
is due to the existence of geomagnetic anomaly in the Bay of Bengal (Malurkar, 
1954). 

The amplitude of the semidiurnal component is so small that many investi- 
gators expressed their doubts about its existence, Chatterjee et al (1966) obtained 
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a value of 0.01 % and showed that the value is statistically insignificant. Katzman 
et al (1960) studied the nucleonic intensity from 16 stations for a period 
of 6 years (1955 to 1959) and suggested that the semidiurnal component which 
was very small in most stations might have been due to the error in calculating the 
semidiurnal vector. Ahluwalia (1961) studied the data from Alimedabad and 
Huanoayo by separating the days on the basis of the daily Cp values and concluded 
that the low amplitude is due to the large variability of the time of maximum of 
the semidiurnal variation but that otherwise it is significant and is due to the 
anisotropy of the primary flux, Venkatesan et al (1967) found that the time of 
maximum for the semidiurnal wave is distributed reasonably well over all hours 
and suggested its origin as due to the transient changes in intensity. Laetti 
el al (1907) tried to explain the origin of the semidiurnal component as duo to the 
fact that the spiral interplanetary magnetic field is much less higlily wound at 
solar latitudes. According to their hyiiothesis, the galactic particles arriving 
along the Sun’s polarfield lines may suffer much less modulation than those 
arriving in the ecliptic plane which would give rise to a second harmonic in the 
daily variation with the maximum at right angles to the direction of the 
sjiiral field. 
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Tho orfeoi of a slowly varying axial magnetic field on the stability of a gravitating 
cylinder in considered. In the case of axisymmotric disturbances it is found that 
whenever the system is unstable the effect of this small inhomogeneity of tho field 
IS to add to tho instability of tho eyatom. Further, an mcreaae in tho magnitude of 
of tho magnetic field docToaaes the wave number thereby stabilizing the long wave 
length disliirbanooB. In the case of two dimensional disturbances it is found that 
tho stability of the system is not influenced by tho functional form /(r), r being the 
radial co-ordinate, of tho axial magnetic field within tho cylinder, in the absonoo of 
surface curreuts. 


Introduction 

0 

Tho problem of the stability of a gravitating cylinder in tho presence of a magnetic 
field has been the subject of extensive study duo to its importance in many astro- 
physical phenomena Chandrasekhar & Fermi (1963) have discussed the problem 
subject to the influence of a uniform axial magnetic field. Auluck & Kothari 
(1957) have investigated the problem in the absence of surface currents for both 
poloidal and toroidal magnetic fields using the energy method. They find that 
the effect of the magnetic field is to increase the stability of the system. Chakra- 
borty & Bhatriagar (1960) have investigated the effect of uniform volume current 
and surface charge on the stability of a self gravitating liquid column using the 
method of normal modes They find that the system is unstable against axisym- 
metric disturbances of all wave lengths lying in some definite interval. 

In part A of this paper we hare studied the stability of an infinitely long 
incompressible and infinitely conducting gravitating cylinder in the presence of 
a twisted magnetic field. We have assumed that the axial magnetic field prevail- 
ing inside the cylinder varies slowly in space. Applying the method of normal 
modes we have studied the effect of this small inhomogeneity (in the axial mag- 
netic field) on the longitudinal stability of tho system. In part B we have discussed 
the stability of the system against azimuthal disturbances. In this case we have 
made no assumption on the nature of the axial magnetic field prevailing inside the 
cylinder. 

♦Present address ; School of Mathematics, Military College of Engineering Dapodi, 
Poona-31. 
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Initial state 

We consider the longitudinal stability of an infinite cylinder which is infinitely 
conducting and self gravitating under the influence of the following magnetic field 
configurations 


= [0, JBr, 

BE^ 


— ♦ r RP2 •• 

= [ 0. J (r > JB) 


(2.1) 

(2.2) 


where the superscripts (i) and (o) denote the inside and the outside of the cylinder, 
R the radius and B, Hq and are constants. Taking as the standard mag- 
netic field, R as the characteristic length and as the characteristic pressure, 
(2.1) and (2.2) can be written as 


== fO, Ar, l-ar2] (r < 1) 
= [0, A/r, 1-a], (r > 1) 


(2.3) 

(2.4) 


whore A = BRIBq and a — | Hj^R^IHq. The dimensionless pressure inside the 
cylindor is given by 

= a(ra-l)+a2/2.(l-r4)+Aa(l-r2)+^/2.(l-r2), (r < 1) ... (2.4^ 

where fi — 2iTQpR^l[iH^ and the dimensionless gravitational potentials inside 
and outside the cylinder are respectively given by 


and 


^ 0 ^®’ = -In r. 


{r<l) 

{r>l) 


(2.6) 

( 2 . 6 ) 


Linearised Equations 

The equations governing the small perturbation in the physical quantities 
inside the oylcinder are 




+2a.rHz-2xS,+/3 


= (l-ar*) +2AHr, 
dt oz 

^ ^ - Ar ^Ms.-2a.r3t+P^ , 

dt ■ dz dz dz 


(3.1) 

(3.2) 

(3.3) 
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... '(3.4) 


... (3.6) 

dll, /I 2\ dVr 

-d' 

... (3.6) 

dll a /n 2 \ dVa 

... (3.7) 

- - Vr 

... (3.8) 

“V+l/r7+‘;-T = 0, 

dr^ dr dz-^ 

... (3.8a) 

i? + V X Ho = 0, 

... (3 8b) 


whore v ~ (Vr, Vg, V 2 ), H — {Nr, Hg, lie), ^ ami E are perturbations in velocity^ 
magnetic field, pressure, gravitational potential and th(» electric field respectively. 
It may be noted that for characteristic velocity wo have taken the Alfv6n velocity. 

Wo assume that the disturbances are of the type x = z{r) exp(iwi-)-^Az), 
whore tj is the frequency and k is the wave number, so that the equations 
(3.1) — (3.8b) reduce to the following form 

+(1— ') ( ) -A (.4) 


+2arH,-2\Hg+fl^, (3.9) 

= iIc(l-ocr^)Hg+2?iHr, (3.10) 

icovz = —ikp—ikXrHg—2<x,rHr+ikfi^, (3.11) 

1/r . djdr . {rVr)-\-ikv 2 = 0, (3.12) 

iuiHf — ik{\~o(,r^)Vr, (3.13) 

itxiHg = ik{\—our^)Vg, (3.14) 

ioilU — ~l/r . djdr . {r(l— ar^)?;,}, (3.16) 
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^ + 1 = 0, 
ar® r dr 


... (3.16a) 


^ + u X Ho = 0. ... (3.16b) 

In passing wo noto that equations (3.6) and (3.8) are quivalent in view of equa- 
tion (3.5) so we shall drop equation (3.6). 

From equations (3.9) — (3.16) we have 

12*' ^ 


+{A;V(1 — ar2)2— cu**Fr2-[-fc2(l — ar2)(l -|- 3ar‘‘*) 


, 4AW(l-ar^)2 
P(l— ar® 


j Vr = 0 


... (3.16) 


We shall assume that a is very small fkj that its squares and higher powers 
can be neglected. Expanding the physical quantities involved in powers of a 
we have 

V = Vq -fa -h0(a2), 

P = Po+a?i+0(a2), 

U = Ho+aHi+0(a2), ... (3 17) 

$ = 0o+a0i+O(a2)» 


E - HoH-aA\4-0(a=“), 

OJ = 

Substituting (3.17) in (3.16) and separating the various order terms we have 


1 dVfQ f p 1 Vrn = 0. 


... (3.18) 


d^Vfi ^ 1 dVf-^^ 

dr^ ' r dr 






Zeroeih order solviions 

Vro^AIflr) ... (4.1) 

where A is an ^arbitrary constant of integration, /j the modified Bessel function 

^ 4A2ifca 

of order unity and ' 
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Now from (3.9)-(3.16), (3.17) and (4.1) we have 


* j /f„\ 


5i«, = ^ W. 

Hr^ = ISr). 


p _ 2iXlc^A j .V V 


fl *0 = 7„(lr). 


^ a 2 I 2iA^k^Ar f , 


Again from (3.16a) and (3.17) we get 


-j%+- -^-*¥0 = 0, 

dr ^ T dr 


... (4.3) 


1 1 = 0. 

dr^ r dr 


... (4.3a) 


Solving (4.3) wo get 


pQ — 


"... (4.4) 


where JEf^ is an arbitrary constant of integration. Similarly from (3.16b), (3.17) 
and (4.2) we have 


n i/AXlr f // \ I 2%AX'K. j /i„\ 

Eqq = AIi{lr), 


E^q = —AXrI^{lr). 


... (4.5) 
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Soliation of first order equaXions 
From (3.19) and (4.2) we have 


where 


JIT 

" ~(V3P)5-> 


and 


leA^h^oiQoy-i 

* (v.=py»“' 

Equation (6.1) yields (Mclachlan 1934). 




... (6.1) 


( 6 . 2 ) 


... (6.3) 


where M^’ = and J/,' = ^ 

Thus to this order of approximation, we got 

= .d/,((r)+ajif,' Ulr)+M^ ~ ISr)+M^ ^ W). ... (5.4) 
Similarly, we can find the other physical variables to this order of approximation. 
Solutions in vacuum 


Curl H = 0. 

... (6.1) 

Div = 0, 

... (6.2) 



Div — 0, 

... (6.3) 

Curl ®=-^. 

... (6.3) 

A V == 0, 

... (6.4) 


where E and ^ are the disturbances in the magnetic field, the electric field 
and the gravitational potential, respectively. 
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Solving (6.1)^(6.4), we get 

H = [-Gkk^ikr), 0, iCkko{kr)] 

^ = [iDkiikr), -a>Cki(lcr),Dho(kr)l 
and f — Ekjcr) 

where G, D and E are arbitrary constants of integration. 


Boundary conditions 

The equation of the disturbed boundary is l-|-(f5/') exp (iojt-fiArs) and 
tlio linearised dynamical and electromagnetic boundary conditions are 

n. [H] = 0, 


nX\H]-{-nX[m == J* 


n, [E]-i-n.[E] = q*, 
nX[E]-^nX[E] = ^[17] + u[II ] , 

■^'j*XH-fj*xl5-{-q*Ei-q*E, 




dr 


= 11 + 2 *:. 
dr 


and n. v-i~n.v — u, ... (7.1) 

where [ ] denotes the jump in the value of a physical quantity in going from the 

inside of the cylinder to the outside vaccum. n, j*, q* and u deimte the unit 
outward normal to the unperturbed boundary, the surface current density before 
the disturbance, the surface charge density before the disturbance and the velo- 

city of the unperturbed boundary respectively, n, j*, q* and u denote the per- 
turbations in the unit outward normal, the surface current density, the surface 

charge density and the velocity of the boundary respectively and H, denotes the 
mean of tlie magnetic field strength just inside and just outside the cylinder. 

The iierturbation in the unit normal to the boundary is given by 
n = [0, 0, ^ikSr exp {ioit^ikz)]. 


(7.2) 
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After appljriug the set of boundary conditions (7.1) at the disturbed boundary 
r = l+((Jr) exp (»coi-|-tfe), we get the following dispersion relations 

+[kk„{k)is)+u„mim]-<ihmAi‘)^o. ... ( 7 , 3 ) 

0.1 = ... (7.4) 

where 

„ „ _ 8AW(o>o“+*’‘) 

f. ... (7.6) 

Q ^^(Wo® k^) fo(0 .^ 2(0 k^) tnr /J\ J /Cl 

„ _ i»(v-i^) mm _ I ID 

' 2k^" ' m)'^ '2k‘ ' 


Discussion of Ujssults 


We have discussed the following cases 
(i) A = 0: 


In this case the azimuthal component of the initial magnetic field is zero. 
The dispersion relations (7.3) and (7.4) have tlie following forms respectively, 

’ , n.u -7 u - (s.i) 

Iq{k) /Ci(k) 

f _4-77 t {mi’mHWomommim+i} ]* - ( 8 . 2 ) 


From (8.1) it follows that tho system is stable for all values of /c > 1.0668 what- 
e\rer positive value y? may take. In case la <! 1.0668 the system is stable if 


^ < { /,(fc)fci(fc){2/o(t)]6„(t)-l} }’ 




and unstable if 
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Now (8.2) implies that the effect of the inhomogeneity is to increase the frequency 
of stable oscillations and if the system is unstable its effect is to increase the 
growth of instability by a multiple of toi, 

(ii) A = 0, /? --= 0 

When the azimuthal magnetic field and the gravitational force are absent, 
the dispersion relations (7.3) and (7.4) take the forms 

{ /oW )’ ■■■ 

and 


From (8.3) it follows that the system is stable for all real positive values of the wave 
number k and (8.4) shows that inhomogeneity adds to stability of the system. 

(hi) A7^0,y5^0 

We find that is root of (7.5). This implies that the system 

is stable for all wave numbers i > 2A and unstable for all wave numbers k <2A 
In case k > 2A the effect of the inhomogeneity of the magnetic field is to add to' 
the stability of the system and if A < 2A its effect is to enhance the growth rate 
of instability by a multiple of 

2B 

Thus defining a critical wave number k* = we find that an increase in the 

"o 

magnitude of the magnetic field decreases the wave number thereby stabilizing 
long wave length disturbances. 

(iv) A 0, /? 0, « # 0 

We find that for stable modes the frequency of oscillations is increased by the 
inlaomogeneity of the magnetic field. Further, for such modes we find that (i) 
for fixed values of A and /? as the wave number k increases the frequency of stable 
oscillations also increases, (ii) for fixed A and h the frequency increases when P 
increases, and (iii) for fixed values of 0 and k the frequency increases as A increases 
(tables 1, 2 and 3). 


Pabt B 

In this part we have studied the disturbances of the type X{t) exp(iwt4'*^^)’ 
where m is the aximuthal wave number. 
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TABLE 3 



P = 2 0000 

A ^ 0 9000 /? 

= 2.0000 

A = 2.0000 

k 

“o’* 

(til 


“1 

.1 

0.04962 

±.07272 

0.06327 

±■09099 

.3 

0.26404 

±.08013 

0 32167 

± 10166 

.6 

0.64211 

H-. 08888 

0.74436 

±.17123 

.7 

0.89223 

± .09227 

1.31802 

± . 19773 

.9 

1 41130 

±.10012 

2.10374 

± .21023 

1 

1.41130 

±.13235 

2.62731 

±.26165 

3 

12 60422 

± 20007 

17.14323 

± . 29002 

6 

32.26507 

±.23135 

41.38087 

± 31013 


Starling with the magnetic field configuration given by (2 3) and (2.4) wo have 
solved tlie linearised porturliatioii equations governing the system . After applying 

tlie boundary conditions (7.1) at the perturbed boundary r ^ lH-((^r) exp (?'a)f+ 
imO), wo got the following dispersion relation : 

aia = (m-l){2wiAH/i}. ... (9.1)* 

This implies that the system is stable for all wave numbers m > 1. Further 
we note that the frequency of stable oscillations does not depend on the axial 
magnetic field prevailing inside the system Thus whatever be the functional 
form/(7') of the axial magnetic field inside the system, the stability of the system 
against azimuthal disturbances is not influenced by tlie same (in the absence of 
surface currents). 
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Dielectric relaxation of I -and 2-naphthaldehydes from 
microwave absorption measurements 

By F. F Hanna and K. N. Addel-Nour 
Microwave Laboratory, Natio7tal Research Centre 
Dokki, Cairo, U.A.R 

{Received 5 August 1970) 

L and 6" wci'o moasurod in benzono solutions at wavelengths 0 22, 3.24, 10 and 
25 cm to an accuj aoy of 2% using apparatus described by Garg ei al (1965), Laquer 
& Smyth (194S) and Pitt & Smyth (1959). The static dielectric constant Cq 
was measured at 10 KHz using a Schering bridge The measurements were 
(sarried out at 20°, 40° and 60° C e'oo is obtained from a Colo- Cole plot and the 
reduced absorption tj" = e^'/to—too is calculated and jilotted against log A. The 
absorption curves obtained were analysed into two Debye terms using a computer 
IBM 1620. The analysis gives two relaxation times and Tjj where Ti belongs 
to the rotation of the molecule and Tg belongs to that of the group. 

Table I show's the results obtained wliich are much higher than the compara- 
tive values given So, the substances were repurified and the measurements re- 
peated using solutions of same concentrations; same results were obtained assur- 
ing the given values. 

So, the larger values of and in this case may be due to the formation of 
associates thro\igh hydrogen bonding. As the hydrogen bonds in 1 -substituted 
uapthalenes are weaker than the 2-subBtituted ones, this may bo the cause of 
higher values of Tj and in the 2-naphthaldehyde than those of l-nai)hthal- 
dehyde. Also and are very temporatm*o dependent especially in the 2-naph- 
thaldehyde which may be due to the same cause as before. The dipole moment 
of both molecules wore calculated and found to bo higher in the case of 2-naph- 
thaldehyde than 1-naphthaldohyde as expected. 

It is to be noted that the behaviour of the -CHO group in 1-naphthaldehydo 
i.s different from the —OH group in l-naphthol. It is stated by Knobloch (1965) 
that in the ease of l-naphthol, c"IX is not concentration dependent due to the for- 
mation of intramolecular hydrogen bridge with the hydrogen atom in the 8th 
position. Wfiilo in. the case studied here of l-naphthaldehyde it is clear from the 
large values of that intermolecular hydrogen bonds are present. 
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Table 1. Relaxation timeH, dipole moments, activation energy and 
activation entropy in benzene solutions 

Comparatwo values 
at 20“C 


iSubBtiince 

|5"C 

Ti 

P sec 

P HOC 


P sec 

P sec 

A// A*S 

K oal/molo Cal/mole 
/deg 

1 -Naphthttl- 








rlohydo 

20 

40.2 

4 80 

0.40 

2.62 -OH 26 0 

2 .P‘»> 

1 26 -6 8 

’X 0 0096 

40 

33 5 

3 93 

0 45 

-OCHj24 3 

1 . 7 (b) 


mole fraction 

60 

27.8 

2 90 

0.60 




2 -Naj)lithal- 








dehydo 

20 

45.2 

6.80 

0.30 

3.26 -OH 20 6 

1.7(a> 


a: = 0.0092 

40 

33.4 

6.60 

0.36 

-OCH 3 I 9.7 

l.Vb) 

-3.1 

mole fraction 

60 

24.8 

4 50 

0.36 





(a) 

Kiioblock (1906), 

(b) Klages & Knobloch (1960) 


The activation energy (A^^) and activation entropy (A^) are calculated (Glastone 
et al 1941) and given in table 1. 
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Thermodynamic functions of the three isomeric aminophenols 

By V. N. Veema 

Department of Spectroscopy ^ Banaras Hindu University 
Varaiuisi-^, India 

(Received 12 May Revised 26 February 1971) 

Reijontly the author (1970) studied the \ribrational spectra of the three isomeric 
aniiuophenols and made a complete assignment of the observed bands. With 
tlio help of the assignment of fundamental frequencies of these isomers, the thermo- 
dynamic functions have been calculated for an ideal gas lor the three amino- 
phouols at one atmosphere under the usual approximation of rigid lotator, har- 
monic oscillator model and the result is reported in the present communication. 

The total energy e. of the system is given by the simple expression : 

^ ( 1 ) 

Where the subscrijit trans stands for translational, rot, for rotational, vib 
for vibrational and elec for electronic. 

The partition function in terms of energy is given by 

_Bi 

Q = ... ( 2 ) 

Where gi is the statistical weight, k is the Boltzmann constant and T is the 
absolute temperature. 

Hence the total partition function (Qt) is given by 

Qt == Qtrans~hQrot-\-Qv{b~\-Qelec (3) 

The electronic contribution is small and ignored because Cgiec is large compared 
to J/P at ordinary temperature For the remaining partition functions, the stan- 
dard expressions utilized by Colthup (1964) have been used and evaluated. 

Considering the substituent groups as single mass point and the molecule 
a ])lanar one, the principal moments of inertia 7^,, ly and 7^ have been calculated, 
w hero y and z axes are in the plane of the molecule and the x axis is perpendicular 
to the plane. The structural data have been taken from the similar molecules 
Rtich as phenol by Forest (1966), fluorophenol by Thakur (1968) and benzene by 
AUon et al (1950) because no microwave, electron diffraction or X-ray studies are 
iivailable in the literature and so bond lengths and bond angles are not Itnown 
exactly. The idea given by Sutton & Alien (1950) has also been taken into account 
that there is no appreciable change in the shape and size of the phenyl ring Irom 
its magnitude in benzene to benzene derivatives. With these assumptions the 
calculated moments of inertia for these three molecules are given in table 1. 
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Table 1 . Moments of inertia in cm* for the three isomeric aminophenols 


Moment of 
inertia (J) 

o-Aminophonol 

w-Animophonol p-Aminophenol 

Ix 

687 

687 

697 


295 

295 

145 


392 

392 

562 


Under the above assumption o- and m-aminophenols are classified into 
(7g symmetry with external symmetry 1 and ^-amingplienol into G 2 V symmetry 
with symmetry 2 as used by Horzborg (1946). The calculated values of the 
6V (heat capacity), (^f«~AV)/T(enthalpy), —{G^—Eq^)IT (free energy) and 
(oiitroiDj^) at various temperatures ranging from 100-15()0'’K for the three isoraerR 



ABSOLUTE TEMPERATURE , *K 

Figure 1. Variation of onthalpy and heat capacity with absolute temperaturos for o- w*- b-’ 
p -aminophonol . 
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aro represented by curves in figures 1 and 2 Here is the energy of one mole of 
au ideal gas at absolute zero, IP is its enthalpy, is its free energy. 

The author is thankful to Prof. Nand Lai Singh for valuable discussions and 

suggestions. 



l^iRuio 2. Variation of free energy function and entropy with absolute teinperatures for 
0 - m- and p-ammophenola. 
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Transient free convection flow with constant suction 

By V. V. Ramana Rao 

Department of Engineering Mathematics, Andhra University, Waltair 
[Received 1\ August 3970) 

The problem of transient free convection flow near a vertical flat plate with 
constant suction applied perpendicular to the plate is analysed. The transient is 
induced by a step change in the wall temperature. The solutions for the tem- 
perature and the velocity have been obtained by using Laplace transforms. The 
skin friction at the wall has been evaluated for various tmes for different values of 
the suction on which the solution is seen to depend A steady fall in the skin- 
frictiim with increasing suction is noted. 


The basic equations which describe the unsteady free convection flow of a 
viscous incomiiressible fluid past an infinite flat plate with constant suction iu 
non-dimensional form as shown by Lai (1969) are 


du . d% 
dt 




dy^ 


(MJ 


dT 


dT d^T 
dt dy di^ 


... ( 12 ) 

where the Prandtl number tr is taken as unity. 

Appropriate boundary and initial conditions on the velocity and temperature 


1^(2/, 0 == «) = 0, f<0 

^00, i) = T(oo, f) — 0, f > 0 
tt(0, t) = 0, t>0 

m t)^T„ t>0 


> 


’ } 
} 


... (1.3) 


... ( 1 . 4 ) 


Using Laplace transforms with respect to the time variant t and solving the 
resultant ordinary differential equations and inverting we obtain in terms of 

... ( 1.0 

where Vq — being positive) since corresponds to suction. 
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The non-dimensional skin-friction is given by 



The calculated values of Tq' for several values of p and increasing t are given 
in the table. 


Table 1. Values of r ^ jT ^ 

V 

0 0.04 0.09 0.2f. 

0 0 0.11284 0.16926 0.28210 

1 0 0.1124(5 0 16800 0.27633 

200 11136 0.16432 0.26025 


From the table it is evident that for a fixed time t, the skin friction Tq de- 
ci’oasos with increasing suction. 

Reference 
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Physics of ihc Solid State 

Edited by S. Balakrisbua, M. Krishnamnrthy and B. Bamachandra Eao, 
Academic Press, London cfe New Yorlt (1969) Price 160s. 

This volume bos beozi bi'ought out tu oommemorate Itdie rfldtb 'HtirlihdiE^ of ^reXeBBor S. 
Bhagavantarn one of the leadmg Bcientista of India who has also Bucoossfuliy adunned vurixiu'^ 
impoi'tant positions of acientific administration. The contributors to the artiolos oro eminent 
Solid State I’hysicists from wide geographical range such as Xondon, Toronto, Moscow, Pans, 
Sydney and various other centres m U.S.A. and India. Tlie subjects also cover quite a widn 
field including nut only diverse modem aspects of Solid State Physics iuoluding Crystallugiaphy 
but also such a subject as “Evolution of Oxygon and Nitrogen of Earth’s Atmosphere”. Tho 
oiJitois are to bo highly congratulated on their ambitious attempt in bringing out a volume ef 
such diverse intorosis as well as culloctmg articles from such .a wide geographical area. Many 
of the articles are from international authorities in the subjects dealt with. The quality i)f 
printing and get up are good. Tho wide nature of the topics and techmoal nature of the artii loh 
are likely to make fhe volume less usoful to tho general readers who are iiitercBtod in Solul 
State Physics. Those who are not throughly acquainted with tho topics will have to read otliri 
review articles before appreciating tho contributions mcluded in this volume on that topn- 
However, some of the .articles are free from this criticism and thi'uw 4ght .on mtuiestiiig iii>\v 
lines of dovelojiment in a very lucid xnaraior. This volume will seiwe the limited purjioBO of 
catering uptodate informaiions only to specialists of jiartioular ilomam of Solid State PhyBirs, 
through the respooiivo inview articles of tho present publication. However, the roadms of 
this volume will certainly got an idea about the very wide field of iibysios covered by Rolid 
state physics. 

/e. A'. 6'. 


Introduction to Quantum Field Theory 

Paul Roman, J. Wiley and Sons, Inc, N. Y., 1969, pp. 634, $ 18.00. 

Paul Roman is a well known author and his ‘Advanced Quantum Theory’ and ‘Tlioory 
of Elementary Particles’ enjoy a good dool of popularity. Tho present volume is meant pri- 
marily for students takmg a course in tho subject and anybody with a good knowledge of 
quantum theory would bo able to go through the book. Tho writmg is remarkable for its clai ity 
and although some recent advancos or latest application are left out (as the author himself 
notes) the book would give tho reader a sufficient mastery to pursue the researches in the field- 
An added attraction is the addition of problems at the end of chapters. 

Tho circle of readers that the author has in mmd is the students and perhaps that is why 
ho has not given any reference to research papers. However tho reviewer eonsiders tins to ho 
an unfortunate omission. Besides, there are rather too many printing mistakes (though 
most of them are trivial) and the reviewer would cite as examples a few occurring in the first 
few pages : 

P6. lino below equation (0-3) —Xi, —x^, should be ~x^, —a;**, — aj®. 

P9. Second lino below equation (0-30), x-> 0 should be a!-+ a. 

P12. Eq. (0-41), should be 

A. K. R. 0. 
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Rotational structure in the ^11— transition of molecule 


A. Iv. Chaudhuby, K N, UrADHVA and S. N. Tilaktje 
Deparimfint of Spectroscopy, Banaras Hindu University, 

V aranasi-tj 

(Received 7 November IQG9— Revised 10 May 1970) 

( Plates 10—13 ) 

Hand speclmni of luoloculo onnehod io 80%) haa bei'ii photograiihed by oxcit- 
mg tho moleculo undoi imcrowavo diF.chargo. A study ot isotopo shift in iho braiichRH 
of j'utiiUunal slrucjtiii’OH ul tho bajids (0, 0), (0, 1). (2, 1), (3, 2) and (5, 4) of CS molcculo 
IS rnado with niolccido. A good ugroRincnt is found in (lio calcnlaiod and obsurvod 
Hhifts- Thn lotational constants foi jicrtuibod stab* and those ol and per- 
turbing abates liavo also been calculated for isotopic molecule. 


iNTltODTTCTION 

A—X band fiystein of CiS, lying in 2500-2800 A region lias been very well studied 
l)y many workers Oi'«aAvford & .Slmrcliff (1934) jicrformed the rotational analysis 
of two bands of this system for the first time. Extensive perturbation was ob- 
served in the upper state. Howell (1947), after inaldng a comparative study, 
suggested the possibility of the upper state as To assign the exact nature of 
cleetronic transition, Lagerqvist et al (1958) made the detailed rotational analysis 
of twenty four bauds and established the ^11 — transition for this system. 
A number of perturbations wore observed in v' — 0, 1, 2, 3, 4 and 5 levels ul the 
excited state interpreted as duo to tlio intei'actions of and two singlet 

states with ^11 upper state Barrow et al (1960) recorded in absorption tlie rota- 
tional sti'uctiu'O of some of the bands of two lorbidden system, viz, a A(^ii ' ) 
and X(^2+) along with the main B 3 rstcm They observed that HI 

interaction was in good agreement with the theoretical predictions, v'hilo in 
interaction the agreement was poor. 

At pi’esent the rotational analysis done by Lagerqvist et cil (1968) for the 
-1— A system seems to be the most accurate. The regular featuj’e is lost iii the 
'otfltiuiial structure at many places due to streug poj'turbations. It has been 
dicMiglit desirable to study the omission bauds of A — X system ol CS usiixg lnghl,y 
‘'Uiiclied (86%) iS®*'* isotope to obtain rotational isotope shift in the branches and 
h> provide an unambiguous chock on the validity of perturbations located bj^ 
Lagerqvist et al (1968) in the upper ^11 state. 
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Expbrimbntai. 

The sample of sulpimr 86% used in this investigation was obtained from 
Oak Kidge National Laboratory, ToniiosHeo Sealed quarts*: tubes containing traces 
of sulpimr at 2 to 3mm of argon gas were pj'opared in the manner described by 
Tomkins & Fred (1957). A Raj^thooii mierotlierni oscillator (frequency 2450 Mc/scc) 
was used to excite the substance placed inside the discharge tube. Trace ul 
carbon as impurity gave rise to the bands of CS®** molecule. The spectrum was 
rcjoordod in the third order of 10.6 metre concave grating spcctrograpli with dis- 
liersion 0.22 A/mm. The probable error in the wave number of the lines measured 
is estimated to be ±0.05 cm"^ for sharp lines. 

Results 

(a) Determination of Isotopic Shifts : The vibrational isotope shifts in 
the bands of this system were measured by Narasimham & Reddy (1966) 
by taking isotopic molecule enriched to 44%. Tliesc shifts w*ere verified in the 
present study also. In addition the rotational isotope shifts in the lines of P, Q 
and E branches in the rotational structure of (0, 0), (0, 1), (2,1), (3, 2) and 5,4) 
bands of this systoiii have been obtained. The isotope shifts are calculated from 
the relation 

where p = p and pi are the reduced masses of ^ m The values 

of rotational constants Be> and ui’o taken from the rotational analysis ol 
Lagerqvist ei al (1968) and the microwave spectrum analysis from Mocklor & Bud 
(1955). To this calculated rotational isotope shifts, the vibrational isotope shilts, 
which is a constant for a band, have been added to got the total calculated 
isotope shifts. The experimental values are taken directly from wave numbers of 
the rotational linos for molecule measured b3^ the previous workers and for 
CS'^^ molecule as measured by us. The observed and calculated isotope shifts m Q 
branches are given in table 1, and the (0, 0), (0, 1), (2, 1), (3, 2) and (5, 4) bands 
are plotted against J in figure 1. The agreement is found to be fairly satisfactory. 
The rotational structure of those bands arc shown in figures 2, 3, 4 and 5. 
(Plates lO"^**). 

(6) Determination of Eotational GonstaiUa for Isotopic Molecule : 

For the ground state the rotational constants and reported 

by Mocklcr & Bird (1955) are used Thus for the isotopic molecules 
BU- = fPB^. — 0.80690 0111“^ 
and a*c* — — 0.00578 cni "^ 

These values are found to satisfy the following expression 
= 0.80690-0.00578 cm-i 


... ( 3 ) 
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Table 1 : Vacuum waveiiumbers and J assigiimouts of (0, 0), (0, 1), 
(2, 1), (3, 2) and (5, 4) bands of A—X system of molecule. 


J 

(0, (1) baud of 

Q{J) of 
(0. 0) band 
of 

Total isotopo shift in 
Q branch lines 
'(vu— Vw*) + (V|- — r/) 

n(J) 

Q(J) 

PiJ) 

ct.a1 1958) 

(lbs. 

CJal. 

s 


38795 29 


38794.49 

-0 80 

-0.88 

{) 


94.37 


93 . 47 

— 0.90 

-0 90 

10 


93 il 


92 . 55 

-0.86 

-0.91 

11 


92 . 20 


91 51 

— 0.69 

-0 93 

]2 


90.91 


90.01 

— 0 90 

— 0.94 

13 


89.61 


88 . 36 

-I 26 

-0 96 

14 


87 64 


_ 

— 

— 

15 

38H20 80 

fK5 49 


f— 






[90.49 


[89.36 

[-1 13 

— 1 00 

Mi 

17.80 

88.25 


87 00 

-1.26 

-1.02 

17 

10 30 

86 . 40 


85.21 

-1.19 

-1.04 

1ft 

— 

83 . 93 

38760.08 

82.84 

-1.09 

-1.06 

19 

— 

82 16 

56 47 

80,93 

-1.23 

-1 08 

20 



[78 98 

53 00 

(77 52 

r — 

-1.11 



[86 70 


[85.57 

[-1 13 


21 



82.36 

49.20 

, 81.17 

-1 19 

-1.14 

22 


79 08 

40-12 

78.20 

-0 88 

-1 17 

23 



77 22 

42 66 

75.91 

-1.31 

-1.19 

24 


75 , 20 

38 78 

73 72 

-1 48 

-1 23 

25 

12 50 

73 . 20 

34 . 88 

71 73 

-1.47 

-1.26 

20 

11 90 

70 93 

31 .08 

69.37 

— 1 60 

- 1.29 

27 

11 20 

68.60 

27.51 

67 . 22 

- 1.38 

- 1 . 33 

2S 

10.33 

00 . 50 

23 90 

64.91 

— 1 59 

.36 

20 

09 07 

64 12 

20 Oft 

62 49 

-1 63 

-1,40 

;i() 

3.SS0R , 93 

38761 90 

38716 06 

38760 . 22 

— 1 68 

-1 .44 

;ii 

07. SS 

59.40 

11 74 

57 . 54 

-1 86 

-1.48 

32 

07 00 

56.47 

07 27 

54 . 97 

— 1 . 50 

-1.52 

33 

05 7(» 

53 , SO 

02.82 

52.16 

— 1 04 

-1.56 

34 

04.46 

51 07 

38698.48 

49 28 

— 1 79 

-1 60 

35 

03 12 

48 30 

94 44 

40,50 

~1 80 

-1.66 

30 

01.72 

45 10 

90 . 30 

43 , 39 

-1 71 

-1 70 

37 

00 17 

42 20 

85.70 

40.38 

-1 82 

-1.74 

38 

38798,14 

39.30 

81.26 

37.19 

-2.11 

— 1.79 

30 

95.76 

36 00 

76,40 

33.88 

-2.12 

-1.84 

40 

93.17 

32 57 

71.36 

30 30 

-2 27 

-1.80 

41 


28,77 

06.31 

26.36 

-2.14 

-1.94 

42 


24.03 


22.54 

-2.19 

-2 00 

43 


20.02 


18.03 

-2.17 

-2.06 

44 


14.80 


12 59 

-2.29 

-2.11 

45 


10 09 





46 


06.00 





47 


01.37 





48 


38697.10 
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Table 1 ( contd .) 

4 i ) f 92 38 

[702 99 

fiO 38698 . 49 

Cl 94 09 

C 2 89 58 

53 85 08 

54 80 no 

fiC 75.54 

56 70 4 G 

57 05.19 


(0,1) band 


5 

37544 

35 

— 

- 









(i 

40 

60 

- 


37525 

94 







7 

40 

47 



23 

12 







K 

47 

43 

_ 

- 

21 

.60 







9 

48 

32 

37532 

90 

19 

30 

37521 

SO 

— 11 

10 

-11 . 

04 

10 

49 

14 

31 

95 


93 

20, 

91 

— 11 

Of 

-11 

05 

U 

49 

72 

30 

.93 

14. 

.61 

19. 

89 

-11 

04 

-11 . 

07 

12 

50. 

35 

29 

69 

12 

08 

18. 

59 

-11 

10 

-11 . 

08 

13 

- 


28, 

.08 

09 

26 

16. 

.90 

— 11. 

.18 

- 11 

10 

14 

- 




oo 

65 

— 


- 


- 11. 

12 

15 

f - -- 


29 

.06 

03 

53 

18, 

.00 

— 11 

.00 

-11. 

13 


[59, 

,98 











10 

57 

30 

27 

50 

00 

28 

10 

45 

-n 

06 

-11. 

16 

17 

55. 

87 

25 

93 

[37405 

21 

14 

77 

-n 

10 

-11. 

, IS 






[37507. 

.22 







18 




24 

20 

01. 

35 

12 

99 

-11 

21 

-11 

20 

J 9 



22 

24 

37490. 

43 

10. 

90 

-11 

28 

- 1] 

22 

20 




[19. 

30 

93. 

,28 

[07 

85 

[-11 

.45 

-11 

25 




[26 

97 



[15, 

.65 

[-11 

.42 



21 



22 

80 

89. 

83 

11. 

,51 

-11 

29 

-11. 

,28 

22 

— 


20 

38 

80. 

,50 

09 , 

.04 

-11 

34 

-11 

31 

23 




18 

40 

83 

70 

06, 

,08 

- ]] 

.42 

-11 

33 

24 

. — 


16 

40 

79. 

54 

05 

13 

— 11 

.33 

-11, 

,36 

25 

— 


14 

02 

76 

29 

03. 

.21 

— 11 

.41 

- 11 

40 

20 

-- 


13 

00 

72. 

93 

01. 

33 

-11 

.07 

— J 1 

43 

27 



37611 

16 



37499 

37 

— 11 

.79 

-11, 

.47 

28 

37552. 

95 

OD . 

.20 

37466 

41 

97. 

42 

-11 

.78 

-11 

.51 

29 

52. 

,64 

07, 

.22 




95, 

.41 

— 11 

.81 

-11 

.64 

30 

52. 

.13 

06 

.20 



93 

30 

-11 

90 

— 11 

.58 

31 

51. 

,41 

02 

90 



91 . 

.11 

-11 

.79 

— 11 

.02 

32 

50. 

.75 

00, 

.48 



88 

85 

-11. 

63 

-1) 

,66 

33 

49. 

.72 

37498 

.21 



86, 

,67 

-11 

.64 

— 11 

.70 

34 

48 

80 

95 

91 



84. 

13 

-11 

.78 

-11 

.74 

35 

47 

.80 

93 

.51 



81 

71 

-11 

,80 

— 11 

.79 

36 

46 

.47 

91 

00 



79. 

.04 

— 11 

.90 

-11 

.84 

37 

45 

.06 

88 

.38 



70. 

43 

—11 

.95 

— 11, 

.88 

38 

44 

.35 

86, 

.76 



73. 

67 

-12. 

.09 

— 11. 

.03 

39 

42 

.82 

82 

51 



70. 

70 

— 11 

.81 

-11. 

98 

40 

40 

.68 

79 

54 



67 

77 

-11 

.77 

-12. 
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Table 1 {contd.) 

(2,1) band 


6 

7 

8 

30614.11 

39002.00 
01.82 
01 09 


39607.97 
07 20 
06 39 

6.37 

5.38 
6.30 

5.33 
5 32 
5.31 

9 

10 

11 

15.02 

00. 13 
39699 10 
97 83 

39584.40 
81 80 

05.40 
04.32 
03 11 

5 33 

5 22 
5.28 

5.30 

5.29 

5.27 

12 

13 

14 

- 

90 20 
94 88 
93 70 

78 . 63 
75.83 
73 10 

01 86 
00.61 
39698 80 

6 59 

6 63 
6.10 

5.20 

5.24 

0.22 

15 

IG 

17 

16 02 
14.11 

02 13 
90 27 
87 61 

70.10 
60 70 
63 40 

97 11 
95 02 
92 68 

4 98 

4 76 

5 17 

5.21 
5 18 
5 16 

18 

If) 

20 

12.76 
10. 50 
07 . 60 

84.80 
80 81 
76.83 

69.61 
65 18 
50 70 

89 67 
85.71 
80 86 

4 87 
4.90 

5 03 

5 14 

5 12 
5.09 

21 

22 

23 

— 

90.27 
84 80 
80.41 

45 42 
39 00 

95 02 
89 67 
85 22 

4.75 

4 .87 
4.81 

5 06 
5 03 
5.01 

24 

25 

20 

17 31 

74.96 
94.36 
80 00 

— • 

79 71 
99 39 
90 87 

4.76 

6 03 

4 87 

4.07 

4.94 

4 91 

27 

28 

20 

13 80 
12 36 

78 68 
73.10 
OS . 60 

29 . 83 
24 72 

S 3 50 

77 71 
73.10 

4 92 

4 61 

4 00 

4.87 

4.83 

4.80 

30 

31 

32 

39010.66 
08 73 
06 88 

39604 48 
01 38 
58.37 

39520,10 
15.60 
10 60 

39569 03 
66.33 
62.91 

6.16 

4.96 

4.54 

4.70 

4.72 

4.08 

33 

05 . 00 

f 54 21 
[ 56.77 

05 74 

(68 98 
[00 45 

( 4.77 
[4 63 

4 64 

34 

36 

03.47 

01.07 

51 02 
47 70 

00.06 

39495.75 

56 13 
52.61 

5.11 

4.85 

4.01 

4 66 

30 

37 

38 

39699.30 
97.12 
94 . 88 

44.17 
40.03 
37 13 

90.43 

86.18 

80.08 

48.99 

46.29 

41 51 

4.82 

4.06 

4.38 

4 60 
4 46 
4.41 

30 

40 

41 

92 60 
90 27 
87.51 

32 . 99 
29 16 
25 . 20 

74 67 
69.40 

37.59 

33.73 

29.66 

4.60 

4.57 

4.36 

4.36 

4.31 

4.26 

42 

43 

44 

84.80 
81.86 
79 . n 

20.94 

16.70 

12 14 


25.38 

20.88 

16.09 

4.44 

4.18 

3,95 

4 20 
4.14 
4.09 

45 

46 

47 


07.80 

02.98 

39498.03 


12 02 
07.11 
01.88 

4.22 

4 ! 13 
3.86 

4.03 

3.97 

3.91 

48 

40 

60 

- 

92.36 

86.33 

79.13 


39496 41 
90.32 
82.93 

3.78 

3.99 

3.80 

3.85 

3.79 

3.72 
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Table 1 {contd.) 


51 

r69.40 

r 72.92 

f3.63 

3.60 


197.00 

[600.90 

l3.24 


62 

85.18 

488.95 

3,77 


63 

70.17 

80.16 

3.99 

3 . 62 


(3,2) band 


8 


39360.80 


39363 92 

3.06 

3.02 

9 


69 80 

39346.60 

62.89 

3 . 09 

3.01 

10 


58 90 

44.67 

01.93 

3.03 

3.00 

11 


57.00 

41 90 

60.79 

3.19 

2.98 

12 


56 . 60 

38.70 

59.61 

3.11 

2.97 

13 

39370 29 

65.15 

36 60 

56 26 

3.11 

2.96 

14 

76 29 

53 00 

32.71 

56 72 

3 12 

2 93 

15 

— 

52 20 

29 94 

66.21 

3 01 

2.92 

Hi 

— 

50.60 

27.20 

53 . 65 

3 . 05 

2 80 

17 



48.80 

23 . 90 

51 77 

2 97 

2 87 

18 

— 

46.91 

20 01 

49 94 

3 . 03 

2.86 

19 

71.89 

44 97 

16 37 

47 . 92 

2 96 

2 83 

20 

74 08 

42 . 80 

J3 07 

45.74 

2 94 

2 80 

21 

73 28 

40 61 

09.40 

43 . 52 

2.91 

2.77 

22 

71 49 

38 15 

06 30 

41 . 12 

2.97 

2.74 

23 



35 . GO 

01 . 45 

38.50 

2.90 

2.72 

24 

— 

33 . 58 

39296 90 

36 44 

2 80 

2 68 

26 

— 

30 70 

— 

33.51 

2 78 

2.65 

20 

09 37 

27.71 

_ 

30 46 

2.75 

2.02 

27 

07.70 

24 32 

87.93 

27 17 

2 85 

2 68 

28 

06.80 

20 60 

82.90 

23.39 

2.79 

2 54 

29 

03 SO 

rU. 83 
[27.72 

77 . 64 

[17 64 
[30 39 

[2.81 
[2 07 

2.51 

30 

61.00 

21 16 

72 70 

23 82 

2 60 

2.47 

31 

39368.90 

3931 G 37 

39267 . 70 

39319.01 

2.64 

2.43 

32 

02 70 

12.42 

02.89 

14.07 

2.56 

2.39 

33 

59 30 

08 59 

56 60 

11.14 

2 55 

2.35 

34 

50 50 

04.81 

57.71 

07.29 

2.48 

2.30 

35 

53 40 

00.93 

50.59 

03.43 

2.60 

2.26 

30 

[50 56 
[53 40 

39290 90 

44.72 

30299.21 

2.31 

2.21 

37 

50.00 

94.70 

o 

X 

90.97 

2.27 

2.17 

38 

46.91 

89.86 

[32 00 
[35 20 

91.86 

2.01 

2.12 

39 

43.67 

85.30 

28.80 

87.34 

2.04 

2 07 

40 

41.11 

80.78 

22.70 

82.82 

2.04 

2.02 

41 

38 15 

76.01 

16.27 

78.09 

2.08 

1.97 

42 

34.00 

71.13 


72.90 

1.77 

1.91 

43 

29,94 

65 60 


67.20 

1.60 

1.85 

44 

23 . 12 

58 63 


60.06 

1.62 

l.SO 

45 

— 

[47.32 

(79.18 


[48.77 

leo .81 

[1.46 

ll.63 

1.74 
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46 

— 

[31 00 


[32 39 

f 1 . 39 

1.68 



[66 60 


[67.20 

[l .60 


47 

31.43 

56.60 


57.96 

1.36 

1.62 

48 

24.32 

48 . 83 


50.47 

1.64 

1 56 

49 

]9.10 

41 64 


43 18 

1 54 

1 50 

50 

14.60 

r 32.0(» 


(■33.17 

1.17 

1 43 



1^49.30 


L60.70 

1,40 


51 

10.15 

37.20 


38 53 

1.33 

1.37 

52 

06 22 

29.66 


30 87 

1.21 

1 . 30 

53 

01 45 

23.16 


24.41 

1 25 

1.23 

54 

39290.90 

17.30 


18 18 

0.88 

1.15 

66 

92.80 






6b 

87.93 






67 

83.20 


(5,4) band 





Qi.J) 

P{.J) 

Ijagor- 
qviat el al 
(1968) 

J aotope 
obs. 

ahift 

calc. 



lb 38813.09 

17 09.04 

18 05.68 


19 01 05 

20 38798.11 

21 94 . 13 


22 89.78 

23 85.74 

24 81.56 

26 76.91 

26 72.43 

27 67 76 

28 62.50 

29 67 . 63 


30 

38795.29 

51.76 

38792.64 

— 2 73 

— 2.67 

31 

90.91 

46.93 

88.38 

-2 63 

-2.61 

32 

86 30 

39.18 

83.69 

-2.71 

— 2 66 

33 

81.50 

31.20 

78.65 

-2 96 

— 2 69 

34 

r76.61 


("72 91 

— 2 70 

— 2.74 

36 

f 68.30 


V 

r 66.82 1 

r —2.48 

—2.78 


1^803 20 


1^800 81 1 

L-2.39 


36 

r60.46 


fee. 86 

f — 2.69 

— 2.83 


[.92.20 


b89 36 

b-2.84 


37 

("48.26 


r45.66 

r -2.60 

-2.87 


1^82.36 


L79 69 

L —2.77 


38 

f 38734. 67 


r 38731, 88 

-2.69 

— 2.92 


1 - 


1. 71.60 



30 

flD.lO 


r 16.63 

f-2.67 

-2.97 


1.67.14 


L64.56 

(.-2.68 
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Table 1 {contd.) 


40 

r02 09 

r690.85 1 

r-3.14 

-3.02 


1^61.24 

1^758.18 1 

L-3.06 


41 

65.36 

52.09 

-3 27 

-3.07 

42 

49 05 

46.66 

-3 39 

-3.13 

43 

41.50 

38 42 

—3,08 

-3 19 

44 

— 

— 

— 

-3.24 

45 

— 

' 

— 

-3.30 

4G 

34 80 

31 38 

-3 42 

-3.30 

47 

23 42 

20.60 

-2 92 

-3.42 

48 

14.90 

12.10 

-2.80 

-3.48 

49 

07.20 

03.84 

-3.36 

-3.64 

50 

38698 30 

38694.30 

-4.00 

-3.61 

51 

^85.20 

|82.18 

j■-3.02 

-3.67 

52 




-3.74 

53 

38701 65 

98.04 

—3 61 

-3.81 

54 

38691 . 85 

88.07 

-3.78 

-3.88 

65 

83 19 

79 44 

— 3.75 

-3.95 

5U 

75 54 

7) 25 

— 4 29 

-4.02 

57 

08 47 

63 78 

-3.69 

-4.10 

58 

60.15 

65 94 

-4 21 

-4.17 

59 

52.40 

48 26 

-4.14 

-4.26 

60 

44.40 

40.29 

-4 11 

-4.32 

61 

36 90 

32.57 

-4.33 

-4.40 

62 

29.10 

24.85 

-4 25 

-4 48 


V , cr' 

rV 1 

'JiooL — — . 


WJJ 

jS<jo| 

j 0^10 1 — • 


gSOO. 

00 1 

tacoj- jji 




t, lOflOl 

V 

1" 


iiq t“°i 

I IDO' 


Fjguro 1. Total isolopo Bhifis plotted against J. 


The rotational coiistaatH in upi)or Htate were dotormined from tho method ueed 

^RP 

by previous workers by plotting ^ and - j-p values against J as shown ni 

Ze/ 4i/ 


figure 6. 
2J “ 


The two expressions are given by 


Q{J-l)-.Q{J) 

2J 




... ( 3 ) 
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AKP _ RiJ-2) -li(J-l)+P(J)-P(J^ 1) 

'4J 4j f<V)+OiJV 

(4) 


7. Ji 15 ..o ' ■ ■ ' E- 

4” ^ 

!r — — ?i n s ^ ■ t o 


... .. . 

!l‘ |'"‘ ^-, - ■-- »» 



Figui'ti G. QI'IJ & IIP 14:1 foi tlio upper lovfd plolled againat J. 
^ — Pcriuibrtlion uidicated uilh c’ 

— Porturhabiou inUicatod uith e 


As tliG term very Kiiiall, the poiiii8 of graph lie almost on a 

isliaight lino in unperturbed region Fiom these graphs {I3\ — B\r) values arc 
cleiei mined, from which can be found, since tJie values of B\>f are Icnown 
liojii equation (2). It is found that the values of B^v’ follow the equation 

B*v' ■= 0.7075-0.0062 (v'+|)~0.004('<;'+ ... (5) 
Tlio calculated values of from this equation and the graphical represent ati on 
lire shown collectively in table 2. The A»'alue of B^, (= 0.7676 cni'-^) agrees closely 
vitli 0.70745 cni^^, obtained from the expression 7?'^, ~ p“B^e. The variations in 
l>\' and arc very small and these values remain almost the same. 


Table 2 : Kotational constants for ^IJ state of 08“^ 


v' 

B' (cni-q 
(from graphical 
procedure) 

B' (cm-q 
(calculated) 

0 

0.7G40 

0.7(J4:i 

2 

0 . 7496 

0 749S 

» 

0 . 7406 

0 . 7409 

. 5 

0 7207 

0 7213 


= l.COxlOcm-h BV =" 0-7«76cm-i aV ^ 0.0062 oin-i 
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(c) Delermitialioih of the Rotational Constants for the Perturbing States 

Pour perturbations have boon identified in v' = 0, 2, 3 and 5 levels, 

us shown in table 3. From these perturbations the value is obtained 

using tho following equation of Lagerqvist et al (1958) 


- JJ n -(j,+i)(/,+2)_(/,_])/. 


... ( 0 ) 


Table 3 . Summary of perturbations 



Je 



J 

V . 


'll) 


Fr Q 

BP 

Q BP Q 

BP Q 


0 



16 17 20.6 


a" 

0.660 

38860.00 

0 

— 47.6 

— 



e 



2 



21 23 20 


of -|- 3 

0.638 

40004.00 

2 




34 33.5 
— 44 6 




2 

— 51.5 

— 



c+3 



2 



67 


a' + 4 



3 

20 30 

33 



e-f6 

0.575 

42031.00 

3 

3 



46 — 50.6 

—24—24 

-38-37 

a' '1-5 

0.626 

42386.08 

5 

— 37 

— 



c+7 



5 



46 — 62 


8 

0 640 

44362.00 


Since the J values, and Jg correspond to tho culmination points and the 

5*11 are known, the values of arc determined with the help of equation 

(6) The values of the energies, Cp of the perturbing states at •/ = 0 and above 
J 0 in (^^n) states is determined from the equation 

= ( 7 ) 

Only one perturbation of type has been observed in i;' = 3 level. From 

this the rotational constant Be+^ for state is obtained. All the molcoular 
constants ol the perturbing states C6'®S^ and arc summarised in table 3. The 
lowest vibrational numbers are designated by a' and e, respoctively. Those cons- 
tants satisfy the etjuations for isotopic molecules very well. 

(d)]Feafc /lead at 2575 A 

It was pointed out by Lagerqvist et al (1958) that there is a weak head of 
(5, 4) band at 2575. 9A associated with the (0, 0) band In tho present study, 
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some lines of Q and 72 branches of (5, 4) band have been traced out in the struc- 
ture of (0, 0) band as shown in figure 6. Tlie agrecraoiit of isotopic shifts for these 
lines are also fairly close. This leads to the conclusion that these lines bedong to 
(5, 4) bands and not duo to any impurity. 
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Nonlinear interaction of electromagnetic waves in a 
magnetized electron beam 
By G. 8. Bajwa* and K. M. Sbtyastava 

Department of Mathcmaticft, University of Jodhpur, Jodhpur 
[Uece.ived 7 November 1900 — Revised 21 March avd U August 1970) 

Tlio uonhnoar nitcn'iioi ion of oloct.romttp;nol,io waves m a magnotizcd olociron beam bus 
boon iiiveatigal od 3'ho wavoa ace taken l.o be ijropagating anross a uniform magnetic 
field. It has been established hore that oxtraoi dinary waves are generated when tivo 
ordinary and two extraordinary waves interact 

Inteoduction 

TJie phenomenon lolatod to the uoiiJinear interaction of eleciroinagiiotu; 
waves ill a plasma pla;\is a basic role (Kroll et at 1904, Montgomery 1965) in the 
study of weak plasma tnrbulonr;e. The stiidjr of coherent intoraetjou of tivo 
electromagnetic! waves in the ionosphere is an example of the application of 
tliis phenomenon in whicli Blachier & Bouchet (lOGO) have proposed a scheme 
of radio communication over a long distance. Etiovant et aJ (1968) have dis- 
cussed the nonlinear intc^raction of electromagnetic waves in a cold magnctisc^cj 
lilasma and shown that (a) interaction of an extraordinary wave with an 
ordinary wave generates an ordinary wave, and (b) interaction of two ordinary 
iraves gonoratcH an extraordinary wave. 

fn a hot irlasma several interaction mechanisms (Clausor 1960) leading to 
the generation as well as amplification of microwave signals have been Buggcstorl, 
TJie liot plasma is regai tlcd as of the form of an electron beam whose directed 
velocity is much greater than the random velocity of tlio electrons. We have 
considered the nonliimar interaction of electromagnetic waves propagating across 
a uniform magnetic field in an electron beam. Tlie nonlinear effects are treated 
by considering tlie ivaves wlricli arise in the linear theory and interact with each 
other It is found that for an ajIpropT’iate choice of these electromagnetic waves 
a secondary wave is generated 

First Order Perturbations 

In equilibrium, aii isotropic plasma consisting of electrons and subjected to 
a constant uniform magnetic field B — Bz, may be regarded as a single beam vitli 

A 

no perpendicular energy and ivith a constant zero-order jiarallol velocitj'^ V 
The basic equations are similar to those of Etievant et al (1968). The equations 

* I’reflent address • Department of MathematioB, S. G. N. Khalsa College, 

Sri Ganganagar, Rajasthan. 
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governing the first order perturbations and respectively in ^ j? 

jind N come out to bo 



V X hi j_ViXB\ 
c cl' 

... (1) 

<1 

X 

11 

1 


... (2) 

y E^ — —imiif 


... (3) 

vxl = A 

c dl c 


... (4) 


y./ii “ 0. 

In equations (1) — (5), Ave choose tbo time dopciuleuee of the first order perturbed 
quantities of the form On eliminating hj botAveon equations (1) and 

(2), AVC operate successively equation (1) by the operator fy, anti obtain 


F,y)[(?a>— r = -- /i, P, 


Avliorc 


// -= 


(/6u— r.y)2 0(ia>— y.y) 0 

-O0:Q-Fy) 0tii-7.y)2 0 

0 0 a2-h(iw~'r.y)2 


and 


... ( 6 ) 


(7) 


.. ( 8 ) 


P„ = ('iw-F.y+yr.)P« 

Here 0 = eBlvir is the cyclotron frequency and in equation (8) tlio subscript n 
stands for the order of the pcrlairbod quantity. 

-~¥ — ► 

From equations (2) — (4), Avhen expressed in terms of E^, comes out to be of 
thc'i form 

■^1- r)v.-v‘‘--'] X - (9) 

W COWq^ L V C“ / C- J 

Wo eliminate Vi betAveen equations (6) and (9) and obtain the disper.sion relation 

(ia>-r.v)i:(*<--rv)Hn=][(v-^ V) v 




( 10 ) 
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Tf tlie variation of is talfon to be of the form e exp i{hx—oji) then the dia- 
poiBion relation (10) admits of tAVO independent solutions 


where 


ordinary waves, 

Q2^2 

ojo® — 5 " , extraordinary waves, 

a“— 12^— c-V 


a =r {(ii—hV), = ^nNey-jrn. 


... ( 11 ) 
... ( 12 ) 

... (13) 


From equations (11) and (12), it is evident that two types of waves, ordinary 
and extraordinary, propagate in a magnetized electron beam. 

For propagations perpendicular to the magnetic field the first order pertur- 
bations for the extraordinary waves are found to be 


"w A!*' ■ \ ic A 

Eg = Aix—taij), Ve = — ^ 

m uifi 


iackA 

hg — — z, 91g _ - — 


ikA 


ine 


whore A is the normalization factor given by 


wQ 


J 2 _ I fj , 

]_a2’ " 

and for the ordinary waves we have 

£/o = ei|2 Fo - e,|2, ^ diy, n„ = 0. 


(14) 


(14a) 


(15) 


Here in equations (14) and 1.5), we have omitted the exponential factor 
exp i{kx^wt). 


Second Order Perturbations 

In a way similar to that adopted for the first order perturbations, we obtain 
the dispersion relation for the second order perturbations which yields 

E/=-j[Clw„Ha-hV)J,^-iaHa<‘-aO-i,o»)JU - 

F 2 

' a(a*-n*)(c»P-w*+a)o*) ’ 


... ( 18 ) 



where 
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m 


^ ~ (ia*-anz X ^ 



a(»*-£l>i»i. ... (19) 

S = a’(«*-£2*-a),*)[a''‘u)„H(a‘‘-ii“)(c*fc“-«u‘)]+a“a*a.o*(£2-fcr). ...(20) 

Equations (16) — -(18) determine the second order electric held, whereas, 
filiation (19) determines the second order current source. The hrst order terms 
occurring in equation (19) are given by the set (14) for extraordinary waves and 
by the set (15) for the ordinary waves. 


Interaction op Two Ordinary Waves 

We choose the subscripts 1 and 2 to distinguish the two interacting ordinary 
waves and let etc. 

Erom the sot (15) it follows that the first order density for the ordinary waves 
is zero, therefore only the first term in equation (19) will contribute. In view 
of the fact that the first order velocity component is directed along the z axis, 
from equation (19) it is found that the interaction inoducos a current source given 





cos {k+x—(v+t)x 

2oiiU)2 — — 


— £1 sin (A;^a;— w+0?/]- (21) 

Equation (21) establishes that the current source is perpendicular to the magnetic 
lield and therefore the second order wave is an extraordinary wave. 

The second order electric field as calculated from equations (16) — (18) and (21), 
comes out to be 

^ T “o*a‘±'fc±“>±[“o“(n-*:±r)+a±(a»±-n“-cu„‘)to . (22) 


Interaction op Two Extraordinary Waves 

The first order terms for the extraordinary waves are given by the set (14) 
'vlxiuh reveals that both the terms of equation (19) will contribute. The second 
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order current aource and electric field, calculated from oquationa (14) and (16)' — 
(19), arc given by 

^ ... (23) 

In 

= "I- ^ aitu±[QV(Q-J:iV)Ci+aV(a“±-0"— a.„»)Cyy. ... (24) 

COq*'* ’ 

^-^^2 — n2)[A;i(a22_tJo“)±^2K“— «^o®)H“a±A'J 

WiOig 

— A'H-“i“2“±^±+(“'^±~^®)(“A+“A)> 

y = a 2 A;j(ai 2 --a»o“)-[-aA(a 2 ^— <"0^)3 

'A± ~ ±[aik^oj3^{ot.J^-‘U)Q^)-\-a2kzwJ,a^^ ... (25)' 

The current eourco given by equation (23) is j)erpeiidicular to the magnetic 
field, therefore the interaction of two extraordinary waves generates an extraordi- 
nary wave Hero the subscripts 1 and 2 distinguish the two interacting extraordi- 
nary waves. The quantities A and a arc given by equation (14a) and S is given 
by equation (20). 

Interaction oe an Ordinary Wave with an Extraordinary Wave 

Wc distinguish the extraordinary wave and the ordinary wave by the subs- 
scripts 1 and 2 respectively. For the current source, only the second term of 
equations (19) contributes and it is found that 

Js ± ~ a^a>+(a*±— Q2) cos [k±x--ui+t)z. ... (^ib) 

Equation (2(i) establishes that the interaction of an ordinary wave with an extra- 
ordinary wave generates an extraordinary wave. 

In view of equation (11), equation (18) gives an indeterminate value of the 
second order electric field This conclusion shows tliat the consideration of the 
interaction of an extraordinary wave with an ordinary wave is not possible by 
this analysis. 


where 

6 a ~ 
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Cherenkov type of radiation in an anisotropic electron plasma 

By R. M. Khan 

Department of Mathe^matica, City College, Calcutta 
{Received 26 February 1970 — Revised 26 May and 31 July 1970) 

An exact solution for the electromagnetic field due to a moving lino charge through au 
anisotropic electron plasma m the presence of an external magnetic field is given . Electro- 
magnetic intensities and radiation are slowly damped due to collision of electrons but the 
attenuation is very intensive within a certain range of frequency. The wavo propaga- 
tion is mainly transverse to the do magnetic field and there exists other type of radiation 
along with the Cherenkov radiation 

Introduction 

Kolomciiskii (1956) investigated the Cherenkov ratiatioii in an anisotropic elec- 
tron plasma under an external magnetic field vdthout collision effect. Majumdar 
(1961) studied a similar inoblem in a homogeneous electron plasma. He investi- 
gated the possibility of other types of radiation in addition to the Sherenkov 
radiation due to coupling between the longitudinal plasma waves and transvoisc 
electro -magnetic waves. Some aspects of the field in a collisionless plasma duo 
to a line source have been considered by Wait (1960), Tuan & Seshadri (1905) 
and many others. 

As a sequel to these works we shall study the interaction of an uniformly 
moving line charge with the transverse electromagnetic >vavoB in an infinite 
magneto-electron plasma, which is incompiessible but anisotropic in dielectric 
inoperty, with the low collision frequency. In our case the source is a line charge 
moving pei'pendicularly to the external magnetic field. Due to this ideal consi- 
deration the problem becomes tvro -dimensional and the longitudinal wave is trivial. 
The uniform velocity of the source introduces a cut-off in the frequency range for 
propagation of waves and the collisions of electrons include damping of the electro- 
magnetic intensities and radiation. It is found that the radiation is confined 
between two planes, somewhat similar to ^/herenkov cone, and it exists even when 
the velocity of the som’ce is less than the phase-velocity of light. As a limiting 
case the expi'ession for radiation in the direction of Sherenkov ray matches with 
that of ([/herenkov radiation due to the motion of a line charge within a homogc* 
neons dielectric medium given by the author (1967). Similar phenomenon 
may occur in the ionosphere due to some sudden solar disturbances. Moreover, 
the moving source may be utilized like a test particle to explore the characteristics 
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of the earth’s ionosphere where the charged particles are moving at high speed 
across the magnetic field. 

Phenombnologioal Equations 

We assume that (i) ions are stationary and they neutralize the electrons on 
the average, (ii) an external magnetic field is acting in the direction of s-axis, 
(iii) a lino charge is moving with uniform velocity u in the direction of a:-axis, 
and (iv) the collision factor is a small quantity of the first order. 


Maxwell’s equations for field variables E and H (electric and magnetic vectors) 
with Fourier transform are 



yxE{w) = H(w) 

... (1) 

and 

= ^y-D(w)+ %~jM. 

... (2) 


u c and j arc the scalar magnetic permeability, the velocity of light in free space 
and the current density. D — {x)SJ where (y) is the dielectric tensor described 


(a:) = 



Tine 


(ih ^ 1- -nio) - . 

r ■ ^ a;(co3- 01,2)2’ 


V ~ ' o7 ’ ' 




'12 ’ P. Oj{w^ — CUp2) ’ ^ (a»2 — 0>,2)2 


^nNe^ 

f.m 


_ 


L ... (3) 


iind e is the permittivity of the medium in the limit. The tensor (y) is obtained 
by the help of the force equation, 

W = e[E+%^’]. - W 

■^1 e, w, 7/ and V are the average electron number density, electron charge, mass 
oi an electron, the collision factor and the velocity of the electrons, 
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Fii caso of j , jy ^ 0 — jz and ^ quS{x—ut)S{y) where q is Iho line charge 
d(‘nsity By Fourier transform 

y, w) = ^ f quS(x—ut)S{y)e-^^m ^ — ^e~ '« 8{y). (5) 

J77 —CO ZTf 


The problem tliiiR reduces to a two-dimensional one and all the vector 
quantities are independent of i.f , the wave x^J’npagation is transverse to 
the applied magnetic licld. Moreover, without any inconsistoncy in the equa- 
tions (1), (2) and (4) wo can assume that — — 11^, — II y — V^. Tt means 

ill effect absence of longitudinal plasma waves. 

With the aid of (2) and (3) we have 


[ / \ if' f dH,(a)) / dHJ^w) 47r . , .1 


aH,(a.) . OHM 4n 

‘ “te 'c“ 

- WT-I*' “4- 


1 - «) 


By (1) and (6) we obtain 

OHizico) J d^zioj) ,^2rr /..a _ 

~dx^ dif ^ clc'i 'l)x ^ dy J 


Formal Solution of the Equation (7) 

Considering Fourier transform with respect to y in the form f{x, ?/, w) = 
rn^'> w)e^^vdk and in view of dependence of field comiioneiits on x through 


^tax 

the phase factor e, the equation (7) gives 


TIz(^', 1% to) 


iq Cl u 

aj2_ _ifc2 

c2 Cl 


e 


iax 

'll 


H^{x, y, oj) 


'i? r" ^ - (8) 

\c2 C] j 
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Under the assumption about ?/ and for a particular value of cu the equation (8) 
reduces to 


where 

a ^ b = (1^=^ ^e/t3 _co3 

' %1u ’ ^ /lo w ’ /t„ Uc, ’ 


... (9) 


h s= “ w‘^— — fjj“ — a >/— ^3 — (or — tu®a)g® 


On taking > 0 and integrating (9) by the residue method 
?/, ai) “ when «/ > 0 


and 


2/> ^ 1+ y < 


... ( 10 ) 


.. ( 11 ) 


Jlow f ^ + I?* , - -(aH-iv)?/- , 


}. ... (12) 


i/ro = {oL-\-iy)y— — , y/a^—iTjb — y—itx, y a, a '::± , 

b]XPRE.S.SIONS FOR E A^T) V 

With the aid of (6) and (11) the following values of E^ and Ey are obtained. 


when y > 0, EJ^x, y, w) — — 

wea^ 


ami A’„(a:, >/, w) — ^ [*a-l'i«>8+V(/8+»!72)l 


... (13) 


When y<0, p, w) = ^ [imt+y(f,-iffi)]e'^^ 


... ( 14 ) 


iin<l JS?y(a;, y, to) = - |la— ««8+7(-/a-|-®?a)]e' 


.'f'2 
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Here 

mi = (aHtti®). h = 

ah^ oja hi 


u ha /w^ 2 \ , ha 

w fVi W ^ )’ 

/t = *4-^*6- 5'1= 

f _ ^ _|_ P 2/^2CO‘^/^7, 

u / ai '** a ^ uih 

»• - 4 »-. - ^■' (-i. +^ ). 

"•»?■ (lf-s.-^)+»-"'’‘” 

The nature of the Radiation 
The power radiated by the moving source per unit time is 


|.,..(15) 


S = il.2Be J {ExH)dx 

47 r _oo 


^cuRe J {E^^xHJdw. 


When y > 0, Sg,{w) = -iJL L^ila + W2H-^(m2^+ I g-2«y (16) 

UJ£fll2 L V ® / J 

and 'Sfj,(cu) --• ^ +{7i ) (17) 

with the help of (11) and (13). 

When y < 0, S^{u)) = [— 1?^ Ic^*' (1^) 

CO£'fi(2 L ^ \ ^ ' J 

and Sy{w) = f^h~?7(%^+ H" 9^i) 1 

o}Ga2 L a '/ J 


with the help of (11) and (14). Here Sy (co) ig in the negative direetion of y-axis. 
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It is of interest to examine the angular distribution of the radiated energy. 
I’lio angles between the direction of motion of the lino charge and the (Sierenkov 
lays are given by 

tan 01 = ^ [1+vfiJ - (20) 

and 

= ( 21 ) 

a) 

atjuoi'diiig as // > 0 or </ < U. 

Hero 



From (20) and (21) it is clear that the intensities of radiation in the two zones of 
?/ make different angles with the line of the moving source. 


OONCLUSIOH 

Th equations of elcctroniagnetic intensities and the radiated energy reveal 
IJjiit they are ex|)oneritial]y damped with y. Since ?/ is very small, the penetration 
depth J/cJcis fairly large and consequently attenuation takes place very slowly. 
(Collisions of electrons are mainly responsible for damping when a- > 0. It is 
interesting to note that there will be no discrimination in the absolute values of 
field components, radiation and angular distribution lor po,sitive and negative 
zones of i/ unless collisions of electrons are taken into account. 

From the equations of (11), (13) and (14) we see that outgoing plane waves 
Avill propagate so long as cl^ >■ 0. This Cherenkov like condition introduces a 

Giit'off in frequency. In Cherenkov region, i.e., wdicre 1 >0, ~ W^)? 

<1^ < 0 when oji < ta < wj and consequently tlierc will be almost Iiio wave pro- 
pagation, The values of and cug o-re given by 

tUi“) = 

- . 

I'espoutivoly. In the non-dherenkov region, i.c., whore 1 < 0, the wave 

propagation as well as emission of radiation exist, if 

> 

V[{fic/f‘{2wp’‘+ (Ut*) + V+ e>rn‘' +4Ae/?^V(l-^e;g»)]-{/teA^(2a./+0)e^)+V+e>e^} 

1 ,^ 

Those are not in accord with the usual Cherenkov phenomenon. 
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Here 


rn, = (o»+a,»). h = ^ b-, 

ah^ 0^ lua fbi 

“4' £-■)■•- si, 

' ^ uh-'^ ^ ** 


/. — I. hn f .^2( lic < iip ^ 7 , 


i.-(15) 


2 tt rtj C 0 «'[“ U \ Ihy J 


The natuee op the Radiation 
The power radiated by the moving source per unit time is 

,s ^ /-.2i2e J {ExH)dT 

4r7T —no 

^cuRe J {^,„xHJdw. 

0 

When y > 0, ^S^{(jj) — +^ 2 ') 1 6"®“*' (16) 

and -= — ] le-2“!/ ' (17) 

CUCffljj L \ (l r J 

with the help of (11) and (13) 

When y<0, 8M = \ +m^-y(m^(+ ^ +gA]e‘‘ii (18) 

and Sy{o)) ~ f Wj— 7/(mi^+ — - + !7i) 1 (10) 

a)t'«2 L a / J 

with the help of (11) and (14) . Hero Sy (a>) is in the negative direction of y-axis. 



397 


Cherenkov iy'pe of radiation etc. 

Jt is of interest to examine Uie angular distribution of the radiated energy. 

u 

The angles between the direction of motion of the line charge and the Ohei enkov 
lays are given by 

tan - (20) 

iiiid 

= ... ( 21 ) 

cu 

iioooi'dijig as 2/ > 0 or y < 0. 

Here 



Krom (20) and (21) it is clear that the intensities of radiation in the two zones of 
// make different angles with the line of the moving source. 

CoNCLiraioN 

Th equations of electromagnetic intensities and the radiated energy reveal 
Uiat they are exponentially damped with y. Since y is very small, the penetration 
depth 1/a is fairly large and consequently attenuation takes place very slowly. 
(jollisioiiH of electrons are mainly responsible for damping Avhen > 0. It is 
interesting to note that there will be no discrimination in the absolute values of 
field components, radiation and angular distribution for positive and negative 
zones of y unless collisions of electrons are taken into account. 

P'rom the equations of (11), (13) and (14) wc see that outgoing plane waves 
will propagate so long as > 0. This fijierenkov like condition introduces a 

cut-off in frequency. In dherenkov region, i.e., where >0, (^ = w-/c), 

(i^ < 0 when oji < w < wa and consequently there will be almost Ino wave pro- 
pagation. The values of and tug are given by 

(/t6/?2(2 A/[{/ieA2aipS+ a>c")+ 

... “'2(/^e/f*-l) 

respectively. In the non-dheienkov region, i.e., where 1 < 0, the wave 

propagation as well as omission of radiation exist, if 

cu=»> 

Wc^) + - {/^g^^(2 oic^)+ 

2(l-/^e/?*) 

^ U 

These are not in accord with the usual Cherenkov phenomenon. 



398 


M. Khali 


it iti evident from the oxj>i’essiona of electro-magnetic intensities that at a 
particular irequoncy n adiation is more or less confined between two planes per- 
pendicular to the wave planes parallel to {u)xju)~-yy — 0 and {oixlu)-^-Yy =. 0 . 

U 

One may compare it ^vith the Cherenkov cone. If 20 ha the angle between the 
normals to the above jilanes, then tan 0 '=^ual to which is identical with tan 0^ or 
tan 6^2 for the zero value of y. 

If we put — 0 and r/ = 0 in (17), (19)‘ (20) and (21), then the inter- 
esting ]jlicnomcna of dlicrenkov radiation by a line cliarge in an infinite liomogoiie- 
iicous dielectric medium are obtained In this case Sy — {ju.c/P—l)q^le and 

tan 0i — tan 0 — 1- These results have been worked out by the author 

(1907) for a noii-magnetic medium (w^heii /* — 1 ). 
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Dielectric function of degenerate plasma at relativistic 
temperatures 

By P. Misra* and K. G. Roy** 

Physica Department, Raveuftliaw College, Cuttack, India 

[Received 12 May 1970) 

ExproHaioriH for tho tmiisvprso and longiUidina) dielectric functions of a dogenorato iilaHnux' 
arc ubtauicd at relativistic tcinporaturos The naturo of wave projiagaiion la discussed 
and rcanlls compared to thoso obtained foi a degeiioratu jilasma at non-relahvistic 
tomiJoraturoB (Miara at al 1962, 1970). 

Introduction 


PJasmaa occuriiip: iii stars arc at very high tcmpcj'jitmcs. The temperature 
of some of the stars is about 10® ""K or even more For such skirs the charged 
pai tides constituting the plasma move with very high velocities. Jt v'as pointed 
out. by Fowler (1920) that the density oi’ pai tides m some of tliese stars (white 
dwju'fs) is so high that ovenattlie relat-ivistic teinjieratui’os the jilasma is considered 
as degonerato. Ohandrasekhai (1957) studiid tho propcilies of such stars using 
relalivistie Fermi-Dij-ac distribution law and evaluated the integrals using Soinmoi- 
f'cld's (1928) approximate method. Biiti (190,3) studied the iJi’opertics of thermo- 
midear (non-degenerate) xilusma using lelat.ivistic Bolt.zmaim-Ylassov equation 
and Maxwell distribution law. Here wo use relativistic Boltzmann- Vlasov equa- 
tion Avith Fei-mi-Dirae eixuihhrium distribution law to obtain explicit ex^ircssions 
for dielectric functions of a degonerato rdativistie idasina, evaluating tho inte- 
grals by Sommerfeld's approximate method. 

Dielectric Function from RELATmsTic Boltzmann -^^LASS ov Equation 
Tn this section avo sJiall deriAm foimulae fur the dielectric function of a 
iclativi.stic plasma. The relativistic Boltzmann- Via ssov equation is 


at 


<^V 


■ Vr G SJvi ^ 


( 1 ) 


Avritiiig/(r, t) = V' 0 obtain the folloAviiig linearized relativistic 

B. V. equation : 


-4 — ♦ ”4 

3/,e, p, *) , . . 


* Vr/lO^ 0 


n^et:{r, t ) . 


Present addrosa ; *Samanta Chandra Sekhar Colltign. Puri, Orissa. 
* * *Anugul Collogc, Anugul, Orissa. 


... (2) 
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A solution is easily obtained by taking the momentum Fourier transform in polar 
— > 

oo-ordinates (p, 6, fj>) for 'p 


h(hp, w) = -r-i 


ietig 


aj(p2+mV )*— cob 6 
X sin 0 cos sin 6 sin cos O'] 


(3) 


The wave number and frequency dependent current density can be expressed as 
(Gartenliaus 1964) 

J.(t a,) = -ec j # O,) 

Ka,ft{k, ui)Efi{h, (Ai) ... (4) 

Using equation (3) in equation (4) we got the following expressions for the trans- 
verse and longitudinal response function.^ 


Kt,i^,u>)= I I 


j pHpdx{p ^ + w? ( 1 — ) 


% 

dp 




and 


-» . . r M 

Ki{k, oj) = — iojQ^emo) 11- 


pHpdx{p^-\‘mH^)^x^ 
oj%p^-{-m^c^) — c^p^lc^x^ 


.. ( 0 ) 


... ( 6 ) 


whore 


a _ ^TT^oe^ 

COn 


and 


: cos 0 


Computation of Dielectric Function for Relativistic FERMt-DiiiAC 

DISTRIBUTION 

For relativistic Fermi distribution we shall use 


^exp [ j+1 


(7) 


where X = [-(’'+ S ) ] 

Expression (6) directly gives the imaginary part of the response function K(r (t. “)i 
imK- (? ...1 - " ddi sh 0 exp (2 chi?) ^ 


shW^CjWd ,„l 

CD ch 0-]~ck sh 6 ■ 

cocA; j 

wch 0 — cAj sh 6 


... ( 8 ) 
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After integrating by parts we got 

a,) = f -= ^ 

!±exp(»)+l 


Oif^^CUi J 


whore = - i/i "ch20+?-!*!z;f;!!- 8h20X 

du sli 0 L <*ick 


with 


In 


oj ch 0-\-ck sh 0 
CD ch O^ck sh 6 I 


u — ZchO. 
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(9) 


... ( 10 ) 


The integral (jontaiiied in equation (9) is difficult, to evaluate However, in prob- 
loniR of similar nature a method due to Sommerfeld is extensively used. One 
(expands tlie integrand round a stable value Uq — Z chf?o as 

/ ^ 0(Wo)+2c80''(Wo) (11) 


where 


Cg — 


12 ' 


The highei- terms of the series cannot be neglected if the ratio of the successive 
terras is greater than one. We shall study the typical cases at high temperatures 
when the series converges much faster. From equation (10) we got 


rA(w„) = [ 


sh2l9o c^kWe^-w^ch^Oo^ 
2cfcca 


and 


In 


toch^ o+cfc sh 0Q ■ 
cuchdQ — ck sh Oq , 


/ d^(f> \ __ c^kl^—w^ 2 ^ uich.0Q-\-ck sh 6^ 

\ dv^ ) Zck at cuch6^o — ck sh Sq 

U^Un 


■I" 


2chdo r 1 4 - 

Z sh 6^gl w*eh*0j— sh* 


(12) 


... (13) 
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Tlic rosponse fiinclioii m, from oquationB (Jl). (12) and (13) 

L 2 2wck > oh /^ q— 


L oji'k 


CJ cli /VyH-c/i* rIi^o 
o) cli nil d^^ 


2 cli 0^^ I , , — oj^ 

TFf/o \ t,j2 (.li2 


(14) 


As almicly noted tlu^ formula (11) oan bo used onl^'^ Avlien tlio second term is small 
(!ompar(ul f.o the firsi. Tins corresponds to tlie condition 


■ oj eh rA;shf4» ii^ t:U , c^F— cu^ \ 

. “ chto w eliTy^^JUOo I I 


<t 


P[sh20„+ 


c^ifcs sb”- 0,,-a,^ eh* 0, 

took 


« In 


w eh 0f^-\-ck sh Oq 
to eh On—ck sh On 


(15) 


whore 0,^ is related to the Fermi niomontum by the relation 
sh 0„ = pjme. 

The condition giv(Mi in equation (15) is satisfied if 
Pet > 

provided the temperature is such that 

For a relativistic plasma for which T > 10® “K tibe above condition is fulfilled 
if the plasma is very dense, i c. 

> 1027. 

In uthei words the plasma becomes higlily degenerate. For such a degouerate 
plasma with Pq ^ 'tno, equation (14) simplifies to 

<o~\-ck 
w~ck 

from which we obtain 


\mKfr{k, to] 


= l\-[- \ f 


2c^ c2^:^ 

W I OJ 


In 


rih to) 


1- 


4c2i;®?in 


\ 2r^mh)f^ / 


r 2,>t C^F-a,= 

to+cib ] 

1 to to^ 

w~ck J 


... ( 16 ) 
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An expression for the longitudinal dielectric constant can bo obtained by perform- 
ing analogous computation for Kiijc. w). Wo shall not go into the details but 
gi^'e the final result as 

2v.^kh\^ L J [ on 


-In "iXi 


u)-\-ch 

~~ck 


(17) 


When the effect of temperature is neglected, the above expressions for the dielec- 
tric constants reduce to that obtained by Silin (1960) 

Nature of Wave Proragation 

The analysis of wave pi'opagation in a relativistic plasma i,s possible with the 
aid oJ an expression for the dielectric constant derived in the previous section. 
Oertain interestijig coiniusions can lie drawn without involving ourselves in com- 
])lcx algebraic manipulations, for certain limiting eases 
Ca.^e I 


±<i 


t.c., n n 


Ihider this condition In term in equations (10) arul (17) can be expanded in a 
])ower scries of ii and after simple manipulation we get 

— ► 

oj) = 


and 


1 r 

1 

' :tchn-v „’‘ ! 

L 

1+ 

^5cu^Vq 

1 , , 1 


' 3c%»X= 1 

w'h’,, 1 


1 

1 1 


ci{k to) — 


It will be seen from the above expressions that both transverse and longitudinal 
waves can propagate in the plasma under consideration, if tlieir frequency is 
giealer than a limiting frequency, ie if 




7r^K^T’‘ W'* 


3c»mx0] ■■■ 

This is to be contrasted with that of wave propagation in a non-relativistic degene- 
rate plasma for which wave propagation (Pradhan et al 1960, Misra et al 1962 
and Misra et al 1970) is possible if 


w > 




(19) 


Ttfis interesting to note-that if we put c = tip in the equation (18) we get approxi- 
mately the corresponding expression obtained for non-relativistic case, 
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Case IJ 


±>\ 

oi 

i.c, ci- nz > 1 

Under this conditions equations (16) and (17) talce the simple forms, 


(l+3i^v) 




and 




Scoo^c /j tt ^K^ T^ \ 


It will be seen from these equations that longitudinal Avaves can propagate through 
the relativistic plasma, whereas, transverse waves cannot do so for ?i < 1. Similar 
results can be obtained for a degenerate non-relativistic plasma. (Misra et al 1962). 
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Tho free coiivootion flow of an olastico-viscouB liquid from a hori/iOntal plate has been 
studied in this paper The typo of wall temporaturo distribution and the boimdary layer 
thiokness which allow Hiiiulaiity solution aro invootigatod . Tho effect of elasticity of 
tho liquid and the Prandtl number on the velocity and temperature distributions and 
the rale of heat tiaiisfor Irom the plate has boon studied. 

Introduction 

Tlio pltenomenon of natural convection arises in a fluid when tomi:)erature changes 
(’iiusc density variations leading to buoyancy forces acting on the fluid elements. 
This process of heat transfer has many important teclinological applications. 
Therefore, in modern times there has been a noticeable increase in interest in 
ii'oe convection problems. Studies on laminar free convection flow and heat 
transfer of Newtonian fluids have been reported in literature. But little work 
in this direction seems to have been done in the case of non-Newtonian fluid. Eo- 
coiitly, Mishra (1966) has studied the free convection flow of an elastico-viscous 
liquid past a hot vertical plate In this paper our aim is to study the free con- 
vootioii flow of an elastico-viscous liquid from a horizontal plate. Similar problems 
in the Newtonian case have been studied by Sparrow & Minkowycz (1962), Gill 
& Casal (1962), Hauptmann (1966), Gill et al (1965). This problem in the presence 
of a magnetic field has been studied by Gupta (1966). Free convection flow of 
a second order fluid from a horizontal plate has been studied by Mishra (1968). 

Basic Equations 

The equations governing the elastico-viscous fluid model considered hero 
consist of the constitutive equations 

Pit = -pgu+p'a. 


40S 


( 1 ) 

( 2 ) 
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The equations of motion and continuity are 

p[ (3) 

and 

w<,< = 0. ... (4) 

1 11 these equations tlie term appoariiif; in (2) is given by 

ot 

is tJie convect(id derivative of the ralc-ol -strain tensor and is defined as 

being the velocity vector, p is the mean pressure, p is the density of the medium, 
is the body force per unit mass in the i-th direction and 'ptje is the stress tensor. 
Tile limiting viscosity at small rates of shear is 

^ rJV(^)ra 
0 

JV(A) being the relaxation sjieetnim as Jiilroduced by Walters (1900), aiul is 
the metric tensor of a fixed coordinate system x'. This idealized model (2) is a 
valid approximation of Walter’s liquid B‘ taking very short memory into account 
such that terms involving • 


f XnN(\)dX ( 7 ^ '> 2 ) 

0 

hare been neglected and 


f AiV(A)dA. 

u 

A detailed description of the model has been given by Walters & Beard (1964) 
The oiicrg 3 ^ equation, neglecting the dissipation term, vdiich is justified lor slow’ 
motion as in the case of free (jorivection flow, is 


dT , dT d^T 

where T is the toiiiperaturo and a is the thermal diffusivity. 


... (5) 


Bouniiaby Layer Equations 

In free convection problems, the thickness of the layer, in which the tempera- 
ture and velocity dilTej- appreciably from the values at infinity, is found to he small 
compared with the length ot the plate; hence the approximation of the boundary 
lawyer theory will he valid Recently, Beard & Walters (1964) have obtained the 
boundary layer equations for this class of fluid. Within the boundary layer 
u, dujdx, d^ujdx^, dpjdxd^vQ assumed to be of the order unity and y to bo of the order 
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the boundaiy layer thickness. Fi-om the equation of continuity (4) we get the 
y-component of the velocity to be of the order of the boundary layer thickness. 
In order that the viscous, elastico- viscous and inertia terms in the modified oqiia- 
l/ions of motion be of the same order of magnitude, it is necessary that 

= 0 (^ 2 ) and h* = 0((52) 

where 

1 / = tiqIp and -= h^lp. 

Under these conditions, equations of motion give 


— ^ -\-v ~k * \ 

dx d\i “ p dx dy^ ® V dy dy^ 


dhc 


0 = Fy^ljp, dpjdy, ... (8) 

witli the equation of continuity du/dx-\-dvldy — 0 ... (8a) 

Tu tile present problem F^^ — 0 and Fy ~ — r/, the aeceledation duo to gravity, 
since wo study free convection flow from a horizontal plate Wo are concerned 
with the veJocit}^ and temperature distributions in the boundary layer over the 
plate 


SoLunoN OF Equations 


iSinoo the ambient fluid is at rest, from equation (7) wo got 

... (9) 
dx 

whore the subscript oo refers to ambient state. The equation of state is 

... ( 10 ) 

whore /?, the coefficient of volume expansion is assumed constant Hence equa- 
tion (8) gives 

-^_ = p.9[i-/?(y-2’„)], ... (11) 


which when differentiated with respect to x gives 


d^p 

dxdy 




( 12 ) 


Integration of equation (12) witli respect to y from y to S and subsequent use of 
equation (8) yields. 


ll=-p.gfil^{T-TJdy, ... (13) 


5 
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where condition at infinity is reiilaced by the condition at the outer edge of the 
boiuidary layer Substitution of equation (13) in equation (7) loads to 




d'^u 


-kn 


du d^v 



(14) 


where v = 'tjo/p^- This, along with equation (5) and (ti) coiistituto the basic ecjiia- 
tions of the’ problem which are to be solved subject to 

^0 T^T^, at y/ = U'l ... (15) 

« = T = ir„ ai 1 / = ^ ... (10) 

We solve the boundary layer equation and energy equation by an integral method 
similar to that of Karman & rohlhausen. Integration of equation (14) with 
respect to y from 0 to 6' and use of equation (6) lead to 


d_ 

Ox 


i - (S).+< [ i 


Assuming 


e = ^—^ and T„-T^ = Nx’‘, 


equation (5) can be written as 

de , dO , nud dW 

= a 

ox dy X dy^ 

wdiich when integrated wdth with respect to y from 0 to S gives 

d r nj ^ r /a / 

We take simple profiles for u and 0 satisfying equations (15) and (16) as 

-[‘Tfr . . 


(17) 

(18) 

(19) 

( 20 ) 

( 21 ) 

( 22 ) 
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.Substitution of equations (21) and (22) loads to 


(1 

1 _ . 

- 1 - Al r Jill if _ 

lu^ 

dui l 

dx 

l 106 J 

s ^ 12 ' •' dxi J 10 L <1 d® 


dx J 


and 


Let 


1. f =2?_: 

80 L dx ^dx\ S 


'lU-iU 

30x 


= CiX^^ and S — C^xK 
Ko that equations (23) and (24) become 

r* ..n 1 

±\)0 l/n \Z 


.. (23) 

...(24) 

.. (25) 


//• * ^72 

iU C'2 


(26) 




(27) 


Since tJiose equations are valid for all values of x 

V- m—l~ 2?+?i— 1 — 2m— 1 

I 4 - 971 -— 1 = —I 


1 


which leads to 


m — 1 , / = 0 , ii — 2 . 


(28) 

(29) 


It. is interesting to note that a similarity solution is possible only if the difference 
bct.ween the wall and ambient tcinperature.s varies as the square of the distance 
IVoin the leading edge along the plate and the boundary layer thickness is uniform 
all through. Sub.stituting the values of L w and n into equations (26) and (27) 
^\'e get 

ro 6 = - f 

- 20a. (31) 


TSliinination of between (30) and (31) gives 

A’-(21P,4-8)A2+iJc = 0 (32) 

who 
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and Pf T’randtl number via. We take in this problem = 1/3, 2, 12, 

and 32 so that the equation (32) reduces to 


A’-15A2-hi2c - 0 (32a) 

A^ — 50A®-|--Z?c ~ 0 ... (d3b) 

A’-260A2+i?^ = 0 ... (33c) 

A’-680A2+i?, = 0 ... (33d) 


Tliese (equations can have at best two positive roots and one negative root and four 
joots are imaginary. Negative and the imaginary roots are not to be considered 
Table J shows the values of A for different values of Rf. and P^. For the viscous 
case on(‘ root is 0 00 which is discarded since the boundary layer thickness is not 
zero and the roots in the el astico -viscous case which are in correspondence with 
this root are therefore discarded. Table 1 shows that the boundary layer thickness 


Table 1. Values of A for different values of Pf and Rq. 


R. \ 

1/3 

2 

12 

32 

0 0 

1.71H7 

2.2034 

3 0174 

3.0944 

0 6 

1.7123 

2 2021 

3.0173 

3.6943 

1 0 

1 . 7062 

2.2009 

3.0172 

3.6943 

1.6 

1.7036 

2.1990 

3.0170 

3 6942 


decreases vdt h the incrCfise in the value of the elastic number This result agrees 
with the result by Beard k Walters (1964) but contradicts that by Rajeswari 
k Rathna (1962) This is because in the Rivlin-TSricksen fluid model the latici’ 
authors have taken the momory coefficient to be positive which should be, in fact, 
negative, as has been proved by Coleman & Markovitz (1964). Davis (1966) 
has also made the samt^ remark in his paper. But the boundary layer thickness 
increases with the increase in the value of Prandtl number. With the help of 
(31) we have • 


(7, r 40a2 = L 

20a L IftgN J " Aa 

Table 2 shows that the value of goes on increasing with the increase in clastic 
number but decreases as the Prandtl number increases. 

Equations (21) and (22) can be written in the forms 

S-j:Kr ”■> '--Kl’ 


... ( 34 ) 
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Table 2. Vahicis of for different value<3 of Pf and 
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7i!o \ 

1/3 

2 

12 

32 

0.0 

0.3385 

0 2069 

0 1008 

0.0734 

O.G 

0.3411 

0 2002 

0 1098 

0.0734 

1.0 

0.3435 

0.2004 

0 1098 

0 07:i4 

1 5 

0.3447 

0 2000 

0 1099 

0 0735 


^vliere 




Tlio rate of heat transfer at tlie wall is given by 



40a ^ 1 1/5 

J 


Ic \ = ^ 2kNx ^ 

I i U) ^2 ^2 


so that the Nusaelt number — 2a;/C2 — 2a;*/A. ... (36) 

iSiiice A docreaseH with the iiicsrease in the value of the elastic number, the Nuaselt 
auuibor clearly increa.ses with the increase of the elasticity of the liquid. Also, 
since A increases with the increase in the value of Pr, tlie Nusselt number decreases 
as Piandtl mimber increa.sos Table 3 represents the computed values of 
u’^jx* and 0. This table shows that tlie velocity at any point within a thin liquid 
tiyei near the plate incrcasos M’ith the increase in the value of the clastic number. 
But outside this layer up to the edge of the boundary layer the velocity decreases 
with the increase in the value of the elastic number This nature of the pi-ofilo 
may bo explained from a consideration of the conservation of the mass flux. Since 
the velocity increases in a thin layer near the plate due to the elasticity of the 
liquid, the velocity should decrease outside this layer. It can easily be seen from 
equation (34) that the minimum value of u* occurs at ?/ = 0 and at ^ — A, that is, 
at the plate and at the edge of the boundary layer The maximum value of u* 
msGurs at A/3 and its value is 4/27 A^. Figure 1 shows that the velocity at any point 
lu the boundary layer decreases with the increase in the value of the Prandtl 
uumber. Table 4 shows that the olastioity of the liquid decreases with the tom- 
perature at any point in the boundary layer. Figure 2 shows that the temperature 
at any point in the boundary layer increases with the increase in the value of the 
Prandtl number. 
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Tahle 3. Volocity distribution for different A^'ihies of 7?^. 
Pr-2 


\ 

?/* \ 

0 00 

0 , 50 

1.00 

0 00 

0 0000 

0 0000 

0 0000 

0.10 

0 . 0084 

O.OOS5 

0 . 0085 

0 20 

0 0153 

0 0154 

0 0156 

0 :{() 

0 0208 

0.0209 

0.0210 

0.40 

0.0249 

0 0250 

0 0261 

0.50 

0 0278 

0 0279 

0 . 0280 

0 60 

0 0295 

0 0297 

0 0298 

0 . 70 

0 0303 

0.0305 

0 . 0306 

0 80 

0.0302 

0.0303 

0.0304 

0 90 

0 0293 

0.0294 

0 0295 

1 00 

0.0278 

0.0279 

0 0280 

1 10 

0 . 0257 

0.0258 

0 0268 

1 20 

0.0232 

0 0235 

0 0233 

1 ;to 

0 0201 

0 0204 

0 0204 

1 

0 0174 

0 0173 

0 0173 

1.50 

0.0143 

0 0142 

0.0142 

1 60 

0 0112 

0.0100 

0.0100 

1 70 

0 0101 

0 0091 

0.0089 

1 .80 

0 . 0080 

0.0067 

0 . 0062 

1 00 

0.0052 

0.0043 

0.0031 

2 00 

0 0016 

0 0009 

0.0006 
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Table 4. Temperature distribution for different values of 
Pr - 2. 


\ Be 

y* \ 

0 0 

0 5 

1 0 

1.5 

0.0 

1 0000 

1 . 0000 

1 0000 

1 . 10000 

0 1 

0.0114 

0 9112 

0 9112 

0.9110 

0.2 

0 8270 

0.8266 

0 8265 

0.8262 

0 

0.7466 

0 7461 

0.7460 

0.7456 

0.4 

0.0704 

0.6697 

0.6696 

0.6691 

0 5 

0.5983 

0 0975 

U 5973 

0.5967 

0.6 

0.5302 

0.6294 

0 5291 

0 5285 

0.7 

0.4662 

0.4653 

0 4649 

0 4044 

0 S 

0 4064 

0.4055 

0.4052 

0 4044 

O . f ) 

0 3508 

0 3497 

0.3493 

0 3486 

1,0 

0 2092 

0 2981 

0 2977 

0 . 2970 

1.1 

0.2517 

0.2.506 

0.250] 

0 . 2495 

1.2 

0 2083 

0 2072 

0.2067 

0.2061 

1..1 

0 1690 

0 1670 

0 1074 

0 1668 

1 4 

0.1338 

0 1327 

0 1322 

0 1317 

1.5 

0, 1027 

0 1017 

0 1014 

0 1008 



Figui’e 1.* Velocity profiles for different Prandtl numbers. 
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Figure 2 'J^impoiutLiro profiles foi different Prandil numbera. 

Gupta (1966) has studied the x)ro})Iem of hydroTUagnetic free convection flows 
from a horizontal plate and has obtained the similarity solutions for the velocity 
and temjicrature fields His conclusions ai-e. for a uniform magnitic field 

^ C\ 

which we have obtained hi our problem in (18), (25) and (29) This gives us an 
interesting’ result that the elasticity of the liquid plays some role similar to a 
magntie field present at the plate. In this connection reference may also be made 
to another paper by Gupta (1902). 
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Measurement of the differential elastic scattering cross- 
section of 662 keV gamma rays in lead 

By H. S. Sahota and B. S. Sood 
Department of Physics^ Punjabi University, Patiala, hidia 
{Received 11 May 1970 — Revised 22 December 1970) 

JilttBtic soaitol'ing of 662ko'V gamma rays from cylindrical load largots haa boon studied 

ill order to investigate if the scatteror behaves as a homogeneous sotirco of tho scattered. 

i’adiaiion. It haa been observed that for targets with product of linear absorption coolh- 

ciont and radius of the cylindrioal target leas than or equal to 0.65 this is eBaentially 

Uuo. 

Tlie clastic scattering of gamma rays from lead has been studied at an angle 
120“ in order to verify the assumption (Singh et al 1963, Sahota el al 1966) that 
for tsiiicall values of /ir the scatterer behaves as a homogeneous source of radiation 
sciiticred from it The angle 120‘^ was chosen as the elastic scattering of 062 keV 
gamma rays at this angle consists mainly of Rayleigh scattering, the contribution 
of nuclear Thomson scattering being much smaller. 

TJie differential cross section of elastic scattering has been measured using 
a conventional experimental arrangemoiit (Anand & Sood 1905). Gamma I’ays 
of 662 keV energy were obtained from a 200mc radioactive source of Cs^®’. The 
stiattorers were in the form of cylinders of different radii but having the same 
length of 8cm. The elastically scattered gamma rays were counted in a single 
diaiiiicl gamma ray spectrometer with a 5.1 cmx4.4cin Nal(Tl) crystal, Ijead 
.sliielding was used to prevent direct radiations from tho source reaching the counter. 
Detector and source were also well shielded to prevent the scattering from walls 
and surroundings of the detector. Scattering from the scatterer consists mainly 
of Uie following ^ 

1. Compton scattering from free and stationary electrons described by Klein 
& Nishina (1929) . 

2. Inelastic scattering from bound electrons having a continuous range of 
energy extending upto the incident energy minus the binding energy. 

3. Elastic scattering having the same energy as that of incident gamma rays. 

The separation of the elastic scattering from inelastic scattering was acliioved 

fi'om an analysis of the spectrum of scattered radiation as shown in figure 1. 
Different fractions of the direct spectrum of 662 keV radiations from a Csi®’ 
«omce were subtraotsd from the elastically scattered spectrum. A lead filter of' 
{jm/cm® would give the difference spectrum as shown by C. The filter thickness 

416 
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is sufficient, to give a good elastically scattered peak through preferential absorption 
of y-j’ays in lead. The channels were selected to cover a part of the photopcak 
witliout a])prcciable contribution from incoherent scattering events. 



Figure 1. Analysjs of elastically scattered spoctrum when load i,s inadiaind with fifi^koV 
gaiiuria ruy.s for, 0 = 120° . (a) Direct spectrum, ()>) Elaslicully scaLiored spectrain 


The doLorinination of differential elastic scattering crosssection with tlio aj- 
rangeinent described above is done by comparing the counts per tiiiit tinii* iii 

counting rate in case of coherent scattering is 

dcr M / 1 \ 


where Oj and are source scatterer and scatteror detector solid angles, 

the dilTcrciitial elastic scattering cros.ssection at the particular angle, 7i i.s the 
number of target atoms per unit area and e^Ay is the effective photopcak efficiency 
for detection of 602 keV gamma rays Wlien the scatterer is replaced hy a small 
source .Sg, the number of counts per unit time in the same channels is, 


From (1) and (2) 


Ul, = S.J4:7T. (ji2^yAy 


(^) 


do* 


= njiif,. 1/tOi. lA* 


( 3 ) 



Measurement of the differential elastic etc. 


417 


Therefore ~ can bo determined if the ratios njvb, and the vatiieH of 

t,)j^ and n are known The ratio nju^ was determined from several j'tiiis of the 
(‘xporimont on ascertaining the stability of the equipment regarding the shifting 
(►f photopoak after every inn. For 7if, the- counts were taken for at least throe 
positions of the source to cover tlie Avliole size of the cylindrical targiit The 
JilTerence in the counting rate was alwa3?s within statistical aconracies. Tlio 
ratio of the source strengths was determined by comparing the areas under 
tlic photo-peaks in the same gi^ometry. A number of intermediate sources vcrc 
used as the two sources differed widely in streiigiJis The accuracy was bottej- 
than t\\^o iicrcent. n was determined from measurements of dimensions ol the 
taiget. Measurement of oii involved size of the target and its distance Irom the 
source 



Ji’iRuve 2. Plot of tUfferontial claBiio scattpring croSvS section f/c/r/n vs /ir. 


To correct for the absorption in the target due to the radiation incident on 
snul enicrging from the target, the forniiila given by Evans & Evans (1948) for 
«'U alisorption of y-rays in the homogeneous source has been used. From a plot 
af fltr/f/Q vei’iSUfi //?’ in figure 2, wo observe that the results obtained remain constant 
'vitliin the experimental error npto a value of the product fir equal to 0.65, 
after wdiich there is a systematic trend in the cross section to fall with the increase 
iu the value of fir. The average value of the cross section from /ir < 0 65 comes 
out to ho 1.63-|-0.08mb, which compares favourably with the interpolated valuc 
oi' l.Oj-0.1 mb of Anand ^ good (1965). This justifies the assumption that the 
scattcfor behaves as a homogeneous source of radiation for thin scatterers wdth 
< 0.65. 
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Lattice energy and thermal expansion of diatomic crystals 
By V. K. Dixit and M. N. Sharma 
Physics Department, Lucknow University, Luchww-1 
{Received 18 August — Revised 27 October 1970) 

In tho present work we have computed the cohesive energy and the coefficient of 
volume expansion of tho alkali halide crystals by considering tho modified F— B 
typo ol repulsion interaction term of the form A exp ( — Considering tho 
above interaction term in conjunction with the electrostatic, the dipole-dipole 
and the dipole -quadrupole interaction energy terms, the crystal energy per mole 
may be expressed as 

IF = -[JVrV/(ro)-l-c„l ... (1) 

where N is the Avogadro’s Number, (A’(ro) is the lattice energy per cell and Cq is 
the zero point energy per mole. Tho parameters A and have been evaluated 
employing the Hildebrand’s (1931) static lattice conditions. Computed values of 
the cohesive energy using equation (I) for a few ionic crystals are reported in 
table 1. The present theoretical values of IF using ec^nation (1) are in better 
agi'cement with tho observed values than vith those calculated by Kachhava 
k Haxena (19(J4) using the Caustian model. 

Follovnng Smyth (1955), Kumar (1969) has developed a simple method to 
compute coefficient of volume expansion oco. A general form of Kumar’s equation 
can be expressed as 


2^0 mroW^ 


in which Vq is the interionio equilibrium separation distance, ^”'{r^ and 
refer to the values of third and second derivatives of ^(r)atr = ro respectively, 
the specific heat at constant pressure and Z — (ZciV'c-|-^aNa)/(Nc4-Nfl) where Zc, 
N c and Z(^, Na are the charge number of cation and anion, respectively. Substituting 
Ihc values of i/r"'(»'(,) and ^/-"(ro) for tho modified F— model, equation (2) becomes 


rOaea 336(7 720D a:/ 96 , 9^\ 1 

^ L 2 \ 2?-o3/‘-» ^ 21 '^^ 2 / J 

r W-* (1 36\"]“ 

C V® 2 V / J 


.w. jr.(^ + »+“) 
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The theoretical values of a*, using equation (3) are reported in the table 1 
along votli the cxperiinonial values. Jt is scon from the table that the agreement 
betwocm the exjDcrinuuital and calculated values is satisfactory and our values arc 
bettor than the theoi etical values of Kaclihava & Saxena (1966) obtained by 
employing the siiuu* method but assuming different potential energy function. 
Thus tlio present approach demonstrates the necessity and importance of using the 
correct potential energy function m computing the lattice properties of ionic 
crystals. 


Table 1 . Cohesive energy and thermal expansion of alkali lialidc 
crystals 


Ui yftial 

CohoRivoi oiioi^y Kcal/molo 


X lO*’ poi 

dcgiec 

Exptl. 

Thoorot 
cqn. (1) 

Kachhava 
& Saxona (1964) 

Exptl. 

Thcoret 
oqn. (3) 

Kachhava 
& Saxena (1905) 

LiCl 

201.5 

198 9 

210.3 

44.0 

40.10 

44.70 

laBr 

191.5 

187.1 

197.3 

50.0 

40.67 

44.68 

N»('l 

184 7 

184 4 

190.0 

40 0 

39.41 

42.20 

NaBr 

175 9 

176 0 

IHl 8 

43 0 

43.22 

46 45 

KCl 

167.8 

167.6 

174 1 

38.3 

43.68 

47.29 

Or 

161.2 

160.6 

105.4 

40.0 

47 33 

51.05 

RhCl 

163.6 

101.8 

107.6 

36. 0 

4!) 43 

47.58 

ItbBr 

168.0 

164 7 

159 0 

38 0 

47 78 

61.61 

CaCl 

167 8 

1,64.0 

160.1 

56.0 

45.81 

49.30 

CaBr 

162 .3 

148.5 

153.2 

— 

— 
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Gamma-gamma directional correlations of the 
552-134 keV cascade in Re^«' 

By M. L. Nabasimha Raju, A. Khayyoom and I). L Sastby 

The Laboratories for Nuclear Research, Andhra University, Walfair 

{Received '1 September 1970) 

TJic lovd structui'o of is well ostablialicd (Way ei a? 1905). TIio 552-184 koV 
gaimna-gaiiiina angular correlation was measured by several authors in the 
past (Arns ei al 1900, Gallagher et al 1900, Michaelis 1903. Gupta et al J90G, 
Klementovskeya et al 1959). Ams el al reported a very high positive anisotropy 
(ylo ^ 0.310±0.018, = --0.080-L;0.027) wheieas Gallagher cl al found the 

correlation to be isotropic within 1%. Michaelis and Gui)ta et al observed small 
negative anisotropy for this correlation, whereas, Klimentovskeya et al observed 
Rinall positive anisotropy. In view of the above discrepancies it was felt 
wortJi while to remeasure tlio 552-134 koV gamma-gamma angular correlation 
in iltd®’. 

The directional correlation of the above cascade is measured with a conven- 
tional slow-fast coincidence scintillation assembly described elsewhere (Narasimha 
Haju ei al 1908). The system is checked by measuring the 1,17-1 33 MeV 
gamma-gamma angular correlation in Ni®‘^ The present measurements were done 
with an effective coincidence resolution of 20 ns. The angular correlation data 
wore collected at three angles 90°, 135“ and 180° and were corrected for the short 
life of and chance coincidences. The xJoolod up counts at the three angles 
were normalized and the data fitted to the standard pol 3 momial 
W(0) = 1 + ^2^3(cOB 0)4-^4^4(008 0) 

hy the method of least squares (Bose 1953). The angular correlation function 
alter correcting for the geometiy of both the detectors is fomid to be 

W(0) = l-~(O.O28±O.O15)P2(cos0)-l-(OO124:;O.O17)p4(coB 0) 

This result is in fairlj'^ good agreement with that obtained by Michaelis and 
Gupta et al and differs considerably from the values of Gallagher ei al, Klemento- 
vskeya ei al and Arns et al. The experimental values of A ^ and A^ coefiicieiits 
of the earlier authors together with the values of the present wDik are given in 
table 1. 

The present angular correlation function is consistent with the spin assign- 
ment 6/2 to the.686keV level and with the quadrupole content of the 552 keV 
ladiation (Qgga < 0.0?) reported by Michaelis and Gupta et al 
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Table 1. Tho values of the A 2 and -44 coefficients of the 552-134 
koV directional correlation 


lleferonccH 


A2 


Ai 


Aiiifl e« aM1960) +0.316^0.018 -0.086+0.027 

Gallagher ei al (1960) laoiropic within 1% 


Michaehs (1963) -0 034+0.017 -0.007 + 0 030 

Klirnontovskoya et al (1959) Small positive anisotropy 
Gupta et al (1966) -0 0235+0 0132 +0.0299 + 0.0235 

Presoiit work -0 028 +0.015 0 012 +0 017 
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BOOK REVIEWS 


Advances in Plasma Physics, Voh 2 

Edited by A Simon and W. B. Thompson, Interscience Publishers^ 1909; 

pp-viid-211. 

The preaent volumo consiats of tho foUowinR threo artiolea ; 

1) Cesium Plasma Resoaroh — by ,N. D’Angelo. 

2) Wuvo Phonomona in tho Intoratollar Plasma — by T Lorcho. 

;t) Shock Waves in Plasma Physics — ^hy C K. Chu and llobort A. Gross 

There has boon an increasing tondoncy over tho last fow years for a detailed study of tJie 
physical phonomona occurring in a quiescent plasma, as tho study is oxpoctod to load to an 
iiTulerstanding of tho more complicated processes inherent in tho plasma of a thermonuolear 
rear- ter One typo of such quiescent x^lasma has been reviewed in the first article, which presents 
some of the plasma devices os well os iJio plaama properties in tho presence of a magnetic field. 
Various aspoois of the plasma, such as confinement by magnetic holds of different contigura- 
tioiiB, [irosenoe oi negative ions, etc. ore considered. Although the treatment m certain sections 
ia somewhat skotchy, the relevant reforeuoes would bo of much help to the mtorostod readers. 
An mtorostmg feature la provided by tho speculation on the type of cesium plasma experiments 
which are likely to be carried out in tho near luture 

Tho second article, though tho longest one of tho volumo, is rather restricted in its 
scope, dealing essentially with a fow selected aspects of small amplitude perturbations m tho 
iiitovstollar medium (tho composition of which has boon dosoriborl at the outset) by way of com- 
paratively simple mt^dol situations However, tho treatment in tho limited sphere is quite 
(ixhaustivo and will surely bo helpful to mitiato ono into the basic hydromaguotics and filasma 
particlo phonomona ossooiatod with the subject of astrophysics. It is worth pointing out that 
the controversial topic of tho thermodynamically paradoxical suiiraluminous waves have boon 
diHoiisaod hero in detail. 

The last article ia porhaiis the most exciting, as its topic ranges from laboratory shocks 
to aupornova explosions and is, at the same time, intimately connected with thermonuclear 
research It starts with a brief introduction to shock waves and gas dynamic shocks including 
detonation waves. Shock waves m plasma are then prosentod under tho following three head- 
ings. 

a) Shock waves in fully ionized plasma — A very interesting item here ia the discussion 
on tho so-called oollisionloss shocks. This discussion is preceded by a single-fluid description 
of MHD shacks and a multi-fluid description of collisionol shocks. 

b) loniziug shook waves — This study is carried out in the presence of a magnetic field 
perpendicular, parallel or oblique to tho piano of the shock. 

o) High energy shock waves — This 'Covers very strung shock waves namely, 
thermo-nuoloar detonation waves, radiative shocks and shock waves ai< relativistic 
Hpeuds; a few examples of ostrephysioal shock waves are also included. 

In conclusion, plasma physicists owo' their thanks to the editors for oompiliug the recent 
knowlftdgo ui a fow branches of plasma physios; it is expected that they would add further 
volumes to this apries. 

J. fl. 
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Book Reviews 


Springer Tracts in Modern Physics 

Vol. 49, Springer-Verlag, Berlin, 1969. 

1) Electron Scattering, Photo-excitation and Nuclear Models — Liberal! 

Blootrons and photonn aro important tools of invostigation of nuclear structure. In 
this article the author reviews some aspects of tho theory of interaction of those particles with 
nuclei. A hriof discussion of tho basic mathematical formalism of olectron-nucleav interaction 
is followorl by a review of tho theories of photoexcitation of tho remarkable giant rosonanco 
states as well as of states below tho giant resonance. For tho giant resonance states, the 
author has given n detailed description of tho early Goldhabor-Tollor and Steinwedol- Jensen 
liydi’odynamical models and their later oxtensioiis. However in contrast tho more basic micros- 
coiiic theory of these states is discussed rather briefly and loeeiit developmonts, like the conti- 
nuum shell model theories, find no mention at all. 

ii. B 


2) Baryon Current Solving SU {3) Charge Current Algebra— T{. Kleinert 

The author deals with an attempt to describe the whole of tho baryonic spectrum using 
tho local fomrautation relations of the StT(3) currents at infinite momotuin. The approach 
IB partly somiompirical The mass spectrum of tho baryons as well as their clecl-romagnetie 
form factors aro fitt.ed. Apaii. Iroin the necessity of the notorious space-likn states, the agriMi- 
inent with experiment is claimed to bo sufficiently good. 

a. If 


Thermal Physics 

0. Kittel, John Wiley and Sons. Inc,, New York pp. 418 — $ 10.95 

Tliis book makes a refreshingly now approoch to thermal physics, i.o. thermodynamic.^ 
and statistical mechanics. Tho classical method which has till now boon used, in genortil. 
leads quickly to the ideal gas laws and expression for tho heat capacity of an ideal gas. This 
advantage is more than off-sot by the difficulty in obtaining correct exprossion for tho entropy 
which is tho must important quantity in thermal physics. 

In this book, Gibb’s approach has been used and the subject matter has boon built up 
from a consistent quantum view point in which the states of tho entire system have been consi- 
dered. In this approach the quantum distribution law are cosily derived which in tho luiiit 
pass to tho classical distribution laws to yield expressions for the entropy, gas laws, etc. 

Many important applications of thermal physics to tho different problems in physics, 
chemistry, engineering, biology and astrophysics have been given. Tho more important 
amongst them are tho following : (i) applications of tho Fermi-Diroc and Bose-Einstein distri- 
bution laws in interpreting various physical phenomena (ii) magnetic properties of solids. 

The exposition of the subject matter is clear and tho reader is lead step by atop to tho 
more advanced topics. Tho approach used in this book should bo used for teaching thermal 
physics to our students of B.Sc. (Hons.) in Physics. 


A. K. B. 
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The binding energy calculation of triton with Faddeev 
equation in separable approximation 

By Gita Purkayastha, S. N. Banerjbe* and N. C. Sil 
Department of Theoretical Physics, 

Indian Association for the Cultivation of Science, Jadavpur, Galc'Utta-*62 
{Received 17 September 1970) 

buidiiig onorgy of triton has been calculated using Faddeev equation as foiinulatcd 
by hovelaoe. Three sets of valiicB have been taken for the paiaineters occurring in 
I he separable two-body non-local jxitential with one term only. 

Introdtjotton 

A iimiiber of theoretical attempts have been made towards tlie calculation of the 
In Ion binding energy Variational and other equivalent methods (Rarita & 
Vresoiit 1937, Ohmura & Ohmura 1962 Wagemngen & Kok 1967, Fiedelday 
r.f al 1968) have been employed with a variety of simple interactions. Amado 
(1963) and his collaborators (1965) have used a three-body model in which the 
composite systems have been represented by elementary particles. Treating the 
Sclirodinger equation for the three body pi*oblem as a direct eigen value equation, 
Milra (1962) has computed the triton binding energy assuming separable potential 
to act between pairs. 

Faddeev (1961) has given a satisfactory theory of iion-rclativistic three particle 
systems. For local potentials this involves the solution of a set of coupled integral 
0(iuatioiis in at least two continuous variables If separable non-local interac- 
tions are assumed instead of local potentials, we have single variable integral 
equation. We also get single variable integral equation if we employ a Sturmiaii 
set oI expansion for the two-body i-inairix. Kharchenko & Sitenko (1963) 
liave used Faddeev equation V'ith two body non-local separable potential. Khar- 
clioiiko et al (1966) have further carried out calculations with two-body local po- 
tentials of square well and Hulthen types utilizing a Sturmian set of expansion. 
Malfiiet & Tjon (1969) have calulated the binding energy of triton with two-body 
local central Yukawa interactions and they have also considered tensor force. 
Approximating the two-body i-matrix by one separable term after Noyes (1965) 
and Kowalski (1965), Humberston et al (1968) have obtained the binding energy 
ol triton. Lovelace (1964) has given a practical theory of three particle states 
baaed on Faddeev’s work. As pointed out by Lovelace if a partial wave is domi- 
nated by a bound state or a resonance, then the off-shell ^-matrix can be approxi- 
nmled by a separable term. When this is used as an input in the Faddeev equation, 
get a coupled equation in one variable which is amenable to numerical solution. 
l*i‘oaont addresB ; Physios Department, Jadavpur University, Calcutta-32, 
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TJic S£ij)arable approximation, though womowhat unrealistic, oiiormously 
simplifieH both the bound state and scattering calculation. Further it providey 
a sinijde framework in which to investigate the sensitivity of three nucleon pro- 
pt 3 J‘t-ies to the vai iation of particular two nucleon parametej s. 

In the jnesent work, wo have applied Lovelace formalism to calculate the 
triton binding energy. As for the intermediate two nucleon states we have coubi- 
tiered oidy the deuteron bound state and used one term separable potential for 
this interaction. Three sets of two-body parameters liave been used in our 
calculation and their fit to the two-body data of deuteion binding energy, trijjkl. 
scattering length and recent phase shift values of MacGregor et al (1908) have 
been .studied. 


Theory 

Following Lovelace (1964), the three-body transition operators are defined as 
(/),,(..) ^ I, Vy- 1. I, V^0{S)V, 


u-.,M s F,- s s Vya(s)v 

whore 0(5) = [/f— s/))’ 

H is the total Hamiltonian for three-particlo sj^stom F^, is the pair potential, 
where a takes the values from 0 to 3 V^, and Fg are the imtcntials hctweeii 
particles (2, 3), (1, 3) and (1, 2), respectively anil Fq is equal to 0. 

Therefore 

^-Ho+F.+ Fd-Fg 

whore Hq is the free Hamiltonian for the tliroe-body system and 0o(5) — [/iy— 5/]"^ 
is the resolvent of the free Hamiltonian 

Tho Hamiltonian of the various subsystems are 

H„ = /fo^-F. 

The Green’s functions of these Hamiltonians arc 
0.(5) = [//.-5/J-l 

These satisfy the second resolvent identity 

0(5) = 0^(5)- S Oi8)V,G,(s) 

= 0.(5)- S 0.(5)F.0(5) 

We shall define scattering amplitudes for bound states and rosoiiancos by 
/jw(-s) = <arfc|0u(5)0+„p(5)0o(5) |/?w> 
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lt‘ we take the potential!^ for bound-state scattering as 

<^<*1 ^a7ij !?/)> ~ < an |G^o(s) |/tfrrt> ... (2) 

tlion tJie equation for becomes 

Kor tbe three-body bound state problenij the equation (2) becomes homogeneous 
integral equation For identical particles and triplet two-bodj^ state we now have 

~ <giUr{^)\gi'><qi' \ 2Z,m{s)\g2> . 
■«72|^H»(s)lf/i> ... (4) 

This homogeneous integral equation should have a solution at an energy equal to 
binding energy of the three-nucleon system. For equal mass particle Z^tn reduces to 

-(1— 

P^J^-\-g/-s~'W 3V3 

= f , ® . />,(cos 0) dcoaO ... (6) 

_J S-v/S p3‘+g/-s—ie 

IS 

whn'o Arm expresses the dependence of Z^As) on spin and isosirin. The subsoripts 
I Mild in in equation (5) each have only one value for triplet two body state. The 
hiipcTscripts I, S stand for total isotopic spin and spin of the three-body system. 
For triton 1 7= S — I 

Assuming the i.wo-body /?-wave pottmtial in momentum space to be non- 
)o(!al and separable of Yamagiichi (1954) form, 

y{P^P') =- A(f{p)g{p') 

Wo may wriiu the two-body ^-wave Jhmatrix which satisfies the Liiipmann- 
ScluMiiger equation as 

T{p,p'’, s) ^(j{p) g{p')t{s) 

* ((,,)= [1+477 

LA J q^—s—i€i 


File bound state form factor (j{p) is taken as 

nip) =r — 

f'lie form factor g{p) is normalized so that 
4^ f g\v)v^dp ^ , 

3 
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Tho separable potential will have a bound state if there is a point /if =; 
for which 

/(,) ^ r 47r r r‘ 

' ' ■ «+Ed L J (j»+£«)(g“-«-ie) J 

The operator 7(/S) is given by the relation 

<?i 1 t(s) |?i'> = iSaCji— ?/) «(«-9i®) 

Results and Discussions 

Transforming the integration variable of equation (4) suitably so as to change 
tho limits of the integral to l^l and using the usual Gaussian quadrature formula 
for integration, wo recast the integral equation (4) to the following matrix equa- 
tion 

Kij{Ej,)Xj{ET) — Xj{Ej,) 

whore Kij{Erp) is the Kernel of the integral equation for triton binding enoigy 
JS/y We have searched for the poles of the corresponding inverse operator 
\I—Kij{Ej)y^ by finding out the zero of the corresponding determinant. Tliis 
energy for which the determinant vanishes, is the required bindingenergy of triton 
We have calculated triton binding energy for three different sets of values of the 
two body parameters Na and //a and have studied the sensitivity of triton bindiiip; 
energy with these parameters The best fit values of tho tw^o body paraim^crs 
occurring in the f-rnatrix which is used as ininit in Faddeev equation, give the 
binding energy 7 88 Mev as compared w'ith the experimental value 8.48 Mcv. 

Tn figures 1, 2 and 3 w^o have plotted the theoretical triplet phase shift values 
as well as the absolute errors against laboratory energy for the three sets of para- 
meters. 



Figure h Set h 
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Figure 2. Rot 2. 



twEIW' 

Figuro 3. Sot 3. 

To caloulat.e the absolute errors, we have computed for the three sets 
where 




and di^^^°(Ei) are the experimental and theoretical values of phase shifts 
respectively. We have taken the recent experimental phase shifts data of Mac 
Gregor fit (1968). SW* is the sum of the squares of the residuals [Sf^*{Ei)^ 
at the 19 data points in the range 0 to 320 Mev for Ei. We have three 
values of for the^three sets of values of the two-body parameters. The 
minimum value of obviously corresponds to the best fit of the value of the 
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two-body parameters. In table 1 , we have enlisted the three binding energy values 
of triton and the absolute error values for the three sets. It is seen that 
the best values of two-body parameters (set 3) yield the binding energy value 
wliieh compares favourably with the experimental results. 

Table 1 



SR2 

Triton binding 
energy 

Set 1 

4700.8314 

7.80 

2 

4624.29 

7784 

3 

4386.284 

7.88 


So far as triton binding energy is cocerned we see that a separable approxi- 
mation to the two-body /-matrix can reproduce the binding energy, in addition 
to its added advantage that it simplifies the problem considerably (Lovelace 1964, 
Harms et al 1069). 

The authors are thankful to the authorities of C M.E.R T Durgapur for 
extending the facility of using IBM 1620. 
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Elastic scattering of electrons and positrons by helium atom 


By G. Banebji and N. C Sil 
Dc^^arlmenl of TJieoretii'al Physics, 

Luiian Association for the Cultivation of Science, Jadavpm\ Calcutia-^2 
{Received 4 A'ligust 1970) 

(Jalculaticiua uf dilToioniial ami total crosh Hoctiona for tho clastic scattering of oloctroiiH 
ami posit rojis by neutral lioliiun atom have boon jiorlormeil over tho raugo ol impact 
ciioigics n0"700cV oiiiploying tho iSchwiiigor variational principle for scattering anijili- 
turlc. The Hartioo-L^’ock static potential for holnirn atom has been used in tho calcula- 
tions. Tho results are compared with tho Born approximation calculations and also 
with experimental findings. 


Introduction 

111 the piosent paper calcuJaiions are carried out lor the diflercntial and total 
cross sections of tho elastically scattered electrons by helium atom for various 
(Miei’gies between 50 and 700 eV, the effects of exchange and polarization are 
considered to be not so important. The corresponding results for positron scat- 
tering are also reported. 

Kxporirnental measurements on the elastic collision between electrons and 
lielium atimis have been carried out by several workers (Hughes ei al 1932, Werner 
1933, Vrions et al 1968, Bromberg 1969) over a wide range of electron impact 
energies. A number of theoretical investigations have also been made on the 
c — He elastic scattering. The calculation of scattering cross sections of high energy 
electrons by helium atom has been performed by Mukherjee (1961) in Born approxi- 
mation v'here the use of a rclined wave function which includes tho correlation 
iuiiction depending on tho mutual distance of the atomic electrons has been made. 
Kim & Iiiokuti (1968) have used the twenty-term Hylleraas wave function of 
Hart & Herzberg (1957) in their Born-approximation calculations. Here we apply 
tlio 8chwingcr variational principle for tho scattering amplitude (Lippman & 
Schwinger 1950) to the same collision problem. The static field of helium atom 
IS represented by a bnear combination of several Yukawa potentials (Tietz 1966). 
The form of the trial wave function taken by us has been previously used by 
Mowoi’ (1955) for tho calculation of differential cross section in tho elastic 
scattering of electrons from neon atom M'^hore it has yielded results very close to 
the numerical solution. 

Unlike other variational principles, Schwingei’ principle does not require that 
tile trial functions involved should have a particular asymptotic torm. This 
principle has been pulrin two forms. In one, by maldng the usual expansioxrs in 
spherical harmonics an infinite set of independent integral equations and hence 
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a corresponding set of variational expressions for the phase shifts lias been obtained, 
while in the other, the entire scattering amplitude has been expressed in a sta- 
tionary form. The calculation of scattering cross section by summing over the 
individual phase shifts, though accurate, involves a lot of numerical computations, 
whereas the calculation by the direct estimation of scattering amplitude is intriii- 
sically much simpler. 

The choice of the potential as a linear combination of several Yukawa poten- 
tials is motivated by the fact that for tliis potential the integrals occuring in the 
variational iirincijile can be evaluated in closed form for some suitable trial func- 
tions This evaluation is possible for the relatively simple form of the Fourier 
transform of tlui Yukawa potential. For other potentials the variational formula- 
tion may not yield closed form expressions for the scattering amplitudes Unless 
the integrals can be evaluated in closed form, computations using the Schwinger 
variational formulation become very tedious and liave practically no advantage 
over exact numerical integration of the differential equation. 

Mathematical formulatton 

— ► 

The scattering of a particle of mass m by a potential F(r) is dcsei’ibod by un 
exact solution to the integral equation(M()tt & Massy 1905) 

(//^(-r) ^ e i- -h SG{r,r')V{r')i/fi{r')dr' ' (1) 


vherc 


0{r, r') — 


1 e 
47r , 


k I r-r/'i 


is the free space Green function for the Helmholtz equation and E — is 

the energy of the incident particle. The vector ki = k 7ii, where the unit vector 

A ► A 

111 specifics the direction of incidence and the vector r = rn is the radius vector 
which specifies the position of the particle The amplitude for the scattering 
from direction to direction —n.^ is defined by 

/(Wi.-re,) = -A J e’*”*’’' V(r)fi(r)dr', 

whei’e 

Uir) = 2mV{r)l%^. 

For the approximate determination of the scattering amplitude by the Schwinger 
variational method wc take, following Mower (1955), the functional for the scat- 
tering amplitude as 

[/(»i. — '«j)J = — 2, L J + J U[r)\jri(r)dr 

- J + / j - (2) 
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Avhei’e and ^ 2 . solutions of (1). Using trial functions of the form 

K ► A. ► 

, „ ikn.,r . „ -ifcnj.r . , „ 

< H-Cac * , a = 1, 2 

the expression (2) for the scattering amplitude is obtained as 

[/(»!, -n,)] = 2(7i/ji(ni.-mj)+20a/n(»i.»a) 

— — %) — — ^)1 — %) ^a)]> "■ 

\\ hwo 

/n(»i. -»a) = -i J = (-X 1 1/ 1^) 


/saK, — »8) = — f7(r)G(r, 1 - )i7(r )d*'* 


... W 


47r 


r (-T,|Uh) 7;|£/|Ti) 

J / 


ai e, j cspoctively, the first and second terms in the Born series of approximations 
to the scattered ami^litude. Substituting 

Jbii^v ^'2)//6i(’*' 1’ — ^*'a) “ ^ a'nd/ft2(’^i» 
tli(} expression (3) may be rewritten as 

\J{'^v ~^*'a)] —fbii'^v — '^*2)l2C'i+2(73A— ““^'z)) 

— 2(7jU2A(1 ^ 2))] 

Nom', adjusting the parameters according to the conditions 

^^^^4 = 0, i=l,2 


the scattering amplitude is given by 

l/(»i. -»a)J -»a)[(H-A")(l-/*K, -«'8))-2A»(1 -M«i. »,))]/ 

-ns))*-A*(l-/i(%.ma))‘ •.. (S) 

Tho Hartree— Fock screening factor (Tietz 1966) for neutral atoms can be expressed 
anal^4)ically in the form 

f{r) = S 

t 

yo that the electrostatic scattering potential may be written as 


(6a) 
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With this potential the first and second Born scattoring amiJlitudes are obtained 
from (4) as (Morse & Fosliback 1963, Lewis 1956) 

2mZ . 


1* / " " \ AIIIVZJ V* Otf 

^ -y- 




^vllere 


lleMiy,, y) - * “ i 


2’“-hA'' 

[ 


7t‘%^ 

u 


tan- '?+l^ -tan- 


T J’ 


( 7 ) 


othorwis(3 


and 


yj) 


nVc^ 1 
E' 2 


, 0 -- 0 and i = j 


In. 




othej’wisc 


with E = {k^{K‘^+yi^-\-yr)^—P^y^^yi^fi 

S = h[K^-\-{yi+yjn T yiyj{yi-]ryj) 

— > > > y ► A. A 

K = -P — 0 = arc cos (?/i.(“-» 2 ))' 

Using the equations (7) and the definitions of A, w'e can determine the scattciing 
amplitude from the expression (5) and hence the differential cross-scctions for the 
scattering of particles by an atom. The total scattering cross-section 0 may be 
obtained by integration of the differential cross-section through solid angle or by 
employing the optical theorem 

^ Tij). 


Results and discussion 

We have calculated the differential and total cross-sections of elastically 
scattered electrons and positrons having incident energy between 60 and 700 
eV by the Schwinger variational method and the Born approximation. Into- 
grations over angles yielding total cross-sections have been performed numerically 
by Simpson’s rule with suitable intervals. The parameters occurring in the ex- 
pression for the potential (c.f. equations 6a and fib), which reproduces the Hartree* 
Fock field of helium atom, are 

ai = 1 0000, aa = -0 6195 -0.1846, === 0.6195, = 0 1846 

y, = 2.4907 yg = 3.8530 yg = 6.1212, y^ = 2.8530, y^ = 5.1212 
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Tlio reaulia of our calculation for the differential cross sections are shown in 
figure 1. Wo compare our results for the electron scattering for 50 oV and 700 



SCATTERING ANGLE (DEGREE) 

Figures 1 ejtperimental findingB for eloolron scattering. 

Born results 

I — variational calculation for electron scattering 

. » . — variational calculation for positron scattering. 
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eV with tlie experimental data of Hughes et al (1932) and that for 300 eV witli 
the experimental data of Vriens et al (1968). 

At high energies the results for the differential cross-section for electron 
and positron scattering are nearly tho same. But with the decrease of energy 
there is a marked difference between the two results, as expected. The results 
for' the differential cross-sections for electron scattering obtained by variationa] 
calculations are in slightly better agreement with experiment than those calculated 
by Born-approximation at all energies. In the high energy region {E ^ 600 oA^) 
our theoretical results for tho differential cross-sections agree well with the ex- 
perimental findings for all scattering angles, which contribute appreciably to the 
total cross-section. For small angle of scattering the ratio of the experimental 
findings and the corresponding Born results for the differential cross-sectiorm is 
quite large, more so for low incident energy. In the incident energy region of 
300 eV and above, for larger angles, this ratio decreases below unity with the in- 
crease of angle. Again with further increase of scattering angle the value of the 
ratio gradually increases and finally becomes greater than unity. This character 
is also maintained in the variational calculation. 

We obtain the total cross sections for the systems in two ways, by the 
integration of differential cross sections over the solid angle and by using tho optical 
theorem. Tn table 1, we have presented these two results of total cross-sections 


Table 1 Total cross sections Q (in units of where is the Bohr radius) 
for elastic scattering of electrons and positrons by helium atom 


Incident Q* Q 

energy (Born) 

(eV)' 


Q** 


Q*** 

electrons 

positrons 

electrons 

positrons 

60 

0.711006 

0.8043 

0.3131 

0.89298 

0 3.'5746 

100 

0.762 0.410396 

0 4063 

0.2204 

0.46267 

0 2672015 

160 

0 443 0 287944 

0.2767 

0.1742 

0 31380 

0 21207 

200 

0..308 0.221664 

0.2111 

0.1463 

0.23731 

0 17607 

300 

0.190 0.1616999 

0.1440 ’ 

0.1096 

0.16929 

0 12014 

400 

0.142 0.1162831 

0.1096 

0.8823x10-1 

0.11976 

0. 102044 

600 

0. 929677 X 10-1 

0.8808x10-1 

0.7416X 10-1 

0.95901X 10- 

-1 0 842013x10-' 

600 

0. 778729 X 10-1 

0.7464x10-1 

0.6394x10-1 

0.79967xl0- 

1 0.71729x10-1 

700 

0 669988x10'! 

0.6434x10-1 

0.6627x10-1 

0.68649x10- 

-1 0.02427x10-1 


*Experimental results of Vriens et al (1968) 

** Calculated from tho variationally obtained differential cross -sections by integration through 
the solid angle 

♦*'" Calculated from the variationally obtained amplitude by using tho optical theorem 
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and tlie corresponding Born results and compared them with tho experimental 
findings of Vrions et al (1968) It is seen from the table that at 100 cV and above 
tJie cross sections obtained by integration are nearly equal to the Born cross-sec- 
tions, but the cross-sections obtained by employing tho optical theorem are 
always greater than those two results and closer to experimental findings. 
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On the electrical resistivities of pyrolytic graphite 
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Jadavpur University, Calcutta-32, India 
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A thoorotirnl formulation of ihe problem of charge carrier transport m pyrolytic gra- 
phite IS made anil criterion rlofined when a relaxation tune approach for scattering (m 
addition to normal thermal scattoimg), originating at tho intoicryslallmo boundary, 
IS jiistifieil. Taking into consideiation this additional scattering tho electrical resisti- 
vities (basal ijlarie resistivity Pa, and c-axie resistivity pe) of pyrolytic graphite arc iledu- 
ciblo tiom single eiystal graphite tionsport poraraetora. Excellent agroomont of the 
calculated values of resistivitie.s with tho experimental ones has been found. 


Introduction 

Pyrolytic givaphile (PG) known for a long time has come to lime light only recently 
because of its application in nuclear and space technology (Bokros 19G9). Itjj? 
electrical properties also have many interesting features for solid state physicisis 
(Reynolds 1908). PG is characterized by largest known anisotropy {pdpa) kn’ 
materials. Its (pdPa) is found to have values an order of magnitude larger than 
that of single crystal graphite (Klein 1962) though PG in reality is made up of 
small single crystals of graphite ( crystallites )ty pically several hundred angslroins 
in size in tho basal piano. In PG deposited at Ta ^ 2()00°C, these crystallites 
have a high degree of orientation with almost all the c-axes pointing along the 
same direction. This composite nature of PG seems to bo responsible not only 
for the difference in its resistivity anisotropy from that of its components (ciys- 
tallites) but also its dependence of resistivity on temperature. Both pc and pn 
are found experimentally to decrease with temperature like semi conductors, 
whereas, single crystal graphite is known to have resistivities which increase with 
temperature like metals. 

Mrozowski (1952) attempted to explain the phenomena by assuming that 
in the energy band structure of PG there must be a bandgap Eg. He argued 
that small size of the crystallites may give rise to a bandgap instead of a band over- 
lap as is found in single crystal grapliite. But this point of view has never been 
elaborated in details to be generally acceptable. Several years ago Klein (1904) 
observed a phenomenological band overlap and an effective mass of electron 
somewhat different from those of single crystal graphite, which fitted only with 
tho basal plane data for pure, highly graphitized PG. 
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Our approach iDresented here shows that electrical resistivity of PG along 
any direction can be deduced fairly acouiately from the charge transport para- 
meters of single crystal graphite after giving due consideration to the effect of 
finite size of the crystallites. 


ThBORBTIOAL aONSIDBRATION 

Formulation of the Problem Lot us imagine a single ciystallite within the 
i)iilk of PG It is obvious that it is separated from its adjacent ones by internal 
siirfacos all around Those internal surfaces are really sites of dislocation contain- 
jiig carbon atoms whose (r-electrons are not bonded covalently and thus they 
ai c liable to capture mobile Tr-electrons from the bulk of the crystallite near 
tlic surface. Trapping of Tr-olecirons builds a static negative cliarge on these sur- 
faces, and an induced positive charge of equal amount on to the internal surface 
()1 the bulk of the crystallite, so that overall electrical charge neutrality is main- 
tained. The surface space charge layer thus formed produces a local potential 
Held (^) v'hich repeats in any direction j at an interval of length Lp the crystallite’s 
uxtoiision in that direction. 

If this macroscopic potential distribution ^^re 'known, ve could, in 
pi'iinnplo, add this to the atomic potential and solve the Schrodingei’ equation for 
wave functions of the entire composite of crystallites with the i*estriction that 
tlie macioscopic potential and macroscopic charge distribution is selJ-consislent 
tlii'ough Poisson’s equations This seems to bo the most appropriate procedure 
tu (IctormiiKi the onerg}'^ band stracture of a composite like PG, but unfortunately 
IS not known, ajiart from the complexity of solving Schrodinger’s wave equa- 
tion wJion two kinds of potential functions arc present. 

It has been pointed out by Shockley (1960) that by the application of a 
Hinall field the wave functions are not seriously distorted but change with time in a 
manner that can be described as a change of the wave vector K. This in effect 
IS equivalent to a combination of effective mass approximation with the WKB 
methods (Schiff 1949) for the solution of the Schrodinger equation, because we 
liav'^e used wave functions which are dependent only on the local kinetic energy 
at each point. Thus, we may argue that our procedure is subject to the same 
limits- of validity as the WBK method i.c 

^ « in ... ( 1 ) 

whore A is the electron wavelength. Though wo do not know the exact potential 
kinction (j>{xj) at the iAterorystalline boundary, it is reasonable to assume that 
will bo felt over a length dxj of the order of a Debye length (L^). Assuming 
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single cfysial’s electron and hole concentrations, Lj^ 5A for graphite. 8o tliat 
(1) reduces to 

dA < < 4:nLjj ... (2) 

or. «^K\LJ, (3) 

Since Lj) is only sA, | dKjK jallowed for the method to bo valid, is small indeed 
Howevei*, in case of -PG, we may take the close agreement of the theoi’etical l esisti- 
vitios, calculated by considering the additional relaxation time for scattering duo 
to the change in K at the boundary with the experimental values as a proof of 
the validity of the criterion (3) 

Boundary Scattering Relaxation Time. With criterion (3) satisfied aw^ay from 
the boundary ( 1 ajj | >> Lb) electron wave function i//;j and energy e(K) will be 
that of a single crystal In case of PG, | xj \ should refer only to the two dimensioirs 
of a crystallite along the basal plane because and t[K) of a graphite crystal 
is mainly determined by the basal plane structure The interaction between 
layers through weak Van der Waal force causes only small perturbations in \jj{K) 
and c(K). Therefore, when |i/a,6|of a crystallite is much larger than Lb, f(K) 
and e(K) of the crystallite may bo considered identical with those of a single crystal 
graphite inspite of the fact that j Xc | of the crystallite may be comparable to 
The electron in such a crystallite will therefore travel with a velocity % — 1 /^-Va’ 
e{K). ALSSuming absence of phonon scattering (which wo may take into account 
separately since the two processes are statistically independent), election travel* 
ling in any direction j will be scattered, changing its wave vector from Kj to 
Kj-\-dKj in a time 



Tj values may bo different because both Lj and may have values which are not 
same for all Xj. However, we may in that case talk of an average crystallite size 
Lj and average velocity and the average time for scattering to occur 



For electrons and holes which take part in the conduction process, v^j = x}Fj the 
Fermi -velocity. So that we may rewrite (5) as 

^ (B) 

VFj 

Now when an electric field E is applied, a force field eE operating will cause K 
to drift at the rate K — When E is small, change in K in time Tj gi 
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eE - 

XE = Tj may be considered negligibly small to effect changes in and hence 

ill Tj (this situation is usually met). So, under small field condition tj becomes 
an additional relaxation time in the PG composite. 

Expression for Total Resistivity, in addition to the above scattering mecha- 
nism, there is present the electron-phonon scattering as applicable to the ideal 
graphite .crystal. Let the relaxation time for this be Tu^. Then we may write 
according to Matthiessen’s rule the total resistivity in any direction j as 


PTi — Psi-^Pij (7) 

where the intcrcrystalline surface limited resistivity 


PS,= 


1 



pe[^ 
may* 


... ( 8 ) 


and the ideal graphite crystal resistivity 

1 


Pij — 


/f-c _ ej pa 
7nej* ^ 




... (9) 


)i, are the electron and hole concentrations, w-c*, m/i* are the effective electron 
and hole masses and r^h are the electron and hole thermal relaxation 

times of ideal single crystal graphite. Combining ecpiations (6) (7) (8) and (9) 
wo obtain 


pe^ Lj iiH ^ pe^ ^ 
7n*e} ^ ^ 


( 10 ) 


Results 

Single crystal graphite transport parameters are tabulated from McClure 
(1968) Soule, McClure & Smith (1964), the values being accepted as the most 
accurate, in table 1. 

Calculated values of pxa and pTe according to equation (10) and the para- 
meters of table 1 are plotted as a function of La and Lc in figures 1 and 2 res- 
pectively. 

Por Klein’s (19G2) deposited sample PG R-40 crystallite size in the basal plane 
as determined by X-ray analysis corresponds to a value La — 286 A. At La — 
285 A our calculated pTn according to equation (10) at a temperatui'e of 300° A is 


3 
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Table 1 Single crystal graphite transport i)aramotors 


j ™ along basal plane, j = c perpendicular to basal plane 


= 0.03mo, 
m*cc — 4.39 mo, 


m*ha = 0.06 mo 1 
m*Ac = 17.95 m-o J 


mo = 9 11 X 10“^^ iCgm. 


jj/ci 




X 10^“ 

cm /sec 

xio« 

cm /sec 

X io« 

see 

X 10*-!=^ 

soc 

X 10-12 

cm/aoc 
X 10“ 

cm/socj 
X 10“ 

4 2 

2 1 

2.0 

0.93 

0.64 

10 

;!2 

0 0768 

.0312 

77 

2.4 

2,3 

0.93 

0 64 

0.8 

2.2 

0 0768 

0.312 

300 

7.3 

7.2 

1.6 

0.80 

0 19 

0.33 

0 1239 

.0462 


0.449 X 10"“ ohm cm. Experimental value of pTa obtained by ICloin for this sample 
at 300‘’K is 0 452 x 10““ ohm cm . Agreement between experimental and calculated 
values is therefore excellent. Similar agreement is found at 77"K and 4 2“K 
for this sample. 

As a further example, we consider Klein’s 72—7* sample whoso La is 70oA. 
Again we find agreement between the experimental value 0.21 X 10"“ ohm cm 
and the calculated value 0.215 X 10““ ohm cm. 



O 300 /OOP f60P 

c.aYMT^i.utrt. 5/zE 

Figure 1. TheoreLical basal piano resistivity of PG as a function of crystallite size along 
the basal piano. 
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I'lf^nrc 2. Thooi'otioal c-axm rosislavity of PGr oa a fimnlioii of crystallito size along tho o-uxii, 

Tn order to (jalculate ro&i,st.ivjty along tho c-axis, wc require to know the layer 
H])iu?ing Lc. Klein could not detonnine Lc by X-ray analysis because of diffused 
X-ray rofloctioua. Recently Lc values were determined (Thrower 1969) and arc 
fniind to have a value of Z/^~5A for tiirbostratic graphite (deposited PG are usually 
iiubostvatio ami since Klein's R-40 is a deposited sample it ought to have turbo- 
stratic structure) Putting Lc — cA in equation (10), wo calculated p 2 \ and 
obtained a value of 0.66 ohm cm at 77'’K Klein’s experimental value of of 
K-4() sample at 77”K is also 0.65 ohm cm. 

Theoretical ly Soule, McClure k Smith (1964) found that pejpa ~ 190 at 300°K 
lor single crystal grajdnte. This value of pejpa i« in reasonable agreement with tho 
oxpori mental values of Primak &; Fuchs (1954). On the contraiy pdpa of 
iis measured experimentally (Klein 1964, Saha, Banerjoc & Das 1969) is found 
to have values ranging to several thousands. This is not surprising as (san be 
seen from equation (10). So long La << thermal mean free path, anisotropy 
ul TG should increase with tho ratio LaILp and both and pj,„ should decrease 
with increasing temperature. 


Conclusion 

It is shown here that a unified point of view for the origin of electrical resisti- 
vities of single crystal graphite and pyrolytic graphite is permissible so long the 
mterorystalline space charge layer width is much smaller than crystallites’ di- 
iT^teusions in the basal plane, Under this condition energy band structure may bo 
considered to remain invariant but additional scattering of charge carriers occur 
the boundary. Also, the long standing confusion (IClein 1962),why PGmay 
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have larger anisotropy in resistivity than single crystal graphite and opposite 
kind of temperature dependence of resistivity from that of single crystal 
graphite, is resolved. Besides, the concepts used in this paper may be useful in 
a general way for elucidating electrical properties of polycrystalline matter in 
teims of the parameters of its constituent crystallites. 
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Significant structure theory and thermodynamic properties of 
liquid carbonyl fluoride and trifluorophosphine 

By R. V. Gopala Rao and T. Nammalvak 
Department of Chemistry, S. V. IJ. College of Engineering, Tirupati 

[Deceived 10 Eeptemher 1970 — Devised 19 April 1971) 

Thr Hignifioant atTuoluro theory has been used to evaluate the thermodynamic jjroper- 
perLies of the liquid carbonyl fluoride and tnlluorophosphino Since the entropy of fuRion 
111 the caHO of trifluorophoaphine was found to bo 1.837 on,, free rotation was assumed 
(’veil in the solid state Jlonce for the 12 degrees of freedom I'or this moleoule three wore 
assigned for rotalum three for tianslation and si\ for vibrations In the ease of earbo- 
nyl fluoride the entropy of fusion is veiy largo (9 903 e u ) and hence no rotation was 
assumed in the solid state Out of the 12 degrees of freedom the solid like part was 
treai-ed as a six degree Einstein oscillator with the remaining six rlegivos as vibrations 
for this moloRule The ealculatod propcilies like molar volumes, vapour pres-sures and 
enf ropios whicli involve the first derivatives of the partition function are in good agreo- 
ment with experiment. Properties like thermal expansion cuoflicient, isothermal com 
liroasibihty and heat capacities which involve the second derivatives of the partition 
function arc also in satisfactory agreement with experiment. This show^s that, the parti- 
1ion function formulated on the basis of the significani structure theory for the i.w'o liquids 
invcstigaicd adequately ropresents the liquid state properties of the molecules. 

Introdttotion 

The liquids carbonyl fluoride and trifluoroxfliospliine have been investigated 
thermodynamically by Paco & Reno (1968), and Pace & Petrella (1962) respeo- 
tivoly. The entropy of fusion was found to be 1.837 e.n. in the case ol trifluoro- 
phosphine and 9.903 c. u. in carbonyl fluoride. The entropy of fusion was found 
to be very nearly equal to the so-called Communal Entropy which is nearly 
equal to R, Hence free rotation in the case of solid trifluorophosphine is 
assumed. In the case of carbonyl fluoride the entropy of fusion being very large 
no rotation is assumed in the solid state. Therefore it is important to study 
these two different molecules with very different entropies of fusion. We report 
herti the thermodynamic properties as derived from the significant structure 
theory developed by Eyi’ing and his collaborators (1948, 1962, 1966), 

According to this theory the liquid is assumed to possess vacancies of mole- 
cular size which confer gas-like properties on a neighbouring molecule jumping 
into the holes and hence a solid-like molecule acquires positional degeneracy 
equal to the number of neighbouring vacancies. Assuming random distribution of 
vacancies the mole fractions of gas-like and solid-like molecules are (F Fg)/! 
find F«/F respectively. Here F and F* are the molar volumes of the liquid 
and reference solid respectively. 
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Phosphorous trifluoride {Trifluorophosphine PF 3 ) 

Out of 12 degrees of freedom for this telra-atomio molecule three were assign- 
ed to rotation, tliree foi‘ translation and six for vibration. Thus the partition 
function for liquid Irifliiorophosphine becomes 








... ( 1 ) 


Here X — VjVs, 0 is the characteiistic temperature of the liquid, a is the so-called 
symmetry number which in the present case is equal to 3, w — mid 

VI are the characteristic fundamental vibrational frequencies (Pace et al 1962) 
and ttie rest of the symbols have their usual statistical mechanical significance 
The parameti'ic values n, a, 0 V„ and Eg are determined according to Chang's 
method (Rao & iSwamy 1970) While adopting this method Es value is varu'cl 
so as to give the best fit at the melting point The values so found arc ■ n — 1 1 (301., 
a — 7.5963 X 10"^, Es = 4249.2 cal/mol. Vs — 47.394 cc/mol. 6 = 75.5G‘’K. 


Carbonyl fluoride {COF^) : * 

As pointed out already this substance has a high entropy of fusion (9 903 e u ) 
which indicates that there is no free rotation at all in the solid state. Hence out 
of the 12 degrees of freedom the solid like part is treated as a six degree Einstein 
oscillator with the remaining six degrees as vibrations. The characteristic vibra- 
tion frequencies are taken from Pace & Reno (1968). Thus the partiilon function 
for liquid carbonyl fluoride can be written as 


>aor. - [ttSS? ('-•-‘"'“l-'IH-C- 1)---) ] 

K-D”? (-If 


z/d-l/nc) 


... (2) 


Hero the symmetry number of the molecule is 2 and the rest of the symbols have 
been explained already The parametric values so found are : " 11.07, 

a = 2 5484x10“®, E, - 5739 cal/mol, F, = 53.931 c.c./mol , 0 = 46.653‘^K. 

EvaiiUtion of Tiifhmodynamio Pbofekties of the Liquids feom 
THE Partition Function 

The Helmholtz free energy A is related to the partition function by the well 
knouTi equation 

A = -kTlnf ... (3) 
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Hence from equations 1 and 2 wo get 
RT 

A = (Ai+A,)-i{2'(l-l/*)(A,+ln*) 

Hero ^ IP 


vib 




J vib 
PFi 


“ = In [1 -\-n{x—\)e-^] 

A ^ I« l'^7TmJcT\ 3 , /Sn^kT \ , , , ,t r t ^ , a , 

A;i — \ 2' ^ ( ""fea” j ■*" 2 ) 'I* ^ (^A-^£^c)~i- i lii tt-Iii cr 


(4) 

(5) 
i^) 

(7) 

( 8 ) 


- 111 (l~e-^^"W*^y)+hx I ... (9) 

While in the case of OOFa wc have 

A, 00®'= = 111 (1 -e-*'r ) - I In (i -c-'-iAT) ( 10 ) 

while in the case of carbonyl fluoride similar equations as given in (8) and (9) 
hold good for A 2 COF 2 and A. 3 COF 2 . Remembering that jP — —(dj4 jdV)^ the Helm- 
holtz free energy is plotted for a given temperature as a function of volume. The 
volumes at the points of common tangency are the volumes of the corresponding 
phases and the vajiour pressure is given by the slope of the tangent Except at 
tl 10 triple point a tangent has at most two points of tangency (Eyring et al 1964). 
The volumes and vapour pressures so evaluated are given in tables 1 and 2, and 
aro compared >vith observed values of Pace & Petrella (1962) and Paco & Reno 
(1968). A curve of the vapom* pressure versus temperature is shown in figure 1. 
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Tabic 1. Calculated and observed thermodynamical propertiee of 
liquid trifluorophosphine 


Tuinp°K 

A^olumo 

uf/molo 

Vapour 
pprosflure 
in mm 

-AIBT 

S 

oaltj/rnole- 

dog 

a X lO'* 
dog-i 

/jfxioe 

atm“^ 

Cy 

oala/inolo- 

deg 

i;ji 

49 811 

22.201 

27.3481 

32.6942' 

1 . 9806 

87.518 

12 6051 C'ulr 


49.223 

27 001 

— 

— 

2 5268 

— 

— Obfj 

136 

50.24 

39.621 

26.9254 

33 2371 

1.9318 

90.766 

12.7343 Calc* 


50.773 

44 605 

— 

— 

2 6707 

~ 

— Obe 

141 

50 710 

67 316 

26.544 

33.8823 

2.0967 

104.67 

12.8273 Calc 


51 006 

71 561 

— 

— 

2.6126 

— 

— Oba 

146 

51.560 

109.86 

26 1997 

34.6747 

2.2292 

118 34 

12.9400 CaJo 


51 10 

111,68 

— 

_ 

2.6368 

— 

— Obs 

151 

51.86 

172.57 

26.8882 

36 1653 

2.1256 

120.82 

13.0156 Calc 


52 79 

169.04 

— 

— 

2 6923 

~ 

ObK 

160 

52.608 

202.79 

25.6068 

35 8731 

2.6768 

157.11 

13 0953 Calc 


53.496 

250.49 

~ 

_ 

2 726 

— 

— ObH 

160 

54.03 

667.83 

25.1228 

37.3014 

2 6777 

181.29 

13 6176 Calc 


54 . 97 

617.0 

— 

-- 

2.8016 

— 

— 01^« 

171.77 

54 504 

795 . 6 

24.9488 

37»9648 

2.6239 

190.86 

13.8663 Calc 


55.793 

760 

— 

.38.041 

2 8675 

— 

— ObH 


Table 2 Oalculatod and observed thermodynamical properties of liquid 
carbonyl fluoride 


Tcjmj)°K 

Volume 

cc/molo 

Vapour 
pi efssure 
m mm 

161 89 

(68 40) 

(93.76) 

(M.P.) 

58 46 

93.76 

163.6 

68.89 

58.836 

110 04 

109 60 

169 

60.187 

60.06 

177.21 

178.6 

174.94 

61.373 

61.443 

286.64 

289.89 

182.9 

61.697 

63.419 

510 98 

520 16 

188.68 

62.669 

741.46 

(B.P.) 

64.91 

76.0 


-AjET 

S 

cals/molo- 

deg 

ax 103 
deg-i 

26.1276 

29.7296 

3.2269 

— 

29.730 

3.7198 

26 0429 

30.0633 

2.9996 

— 

_ 

3 7403 

25 6969 

41 0068 

2.9106 

— 

— 

3.8123 

25.3605 

31.9082 

3.1232 

— 

— 

3.914 

24.9613 

32.6632 

2.9667 

— 

— 

4.1479 

24,7097 

33.2844 

3.1843 

— 

33.777 

4.2779 


/?X10« Cy 

oals/mole- 

deg 


161.26 

14.9706 Calc 

— 

ObH 

166.36 

16.0601 Calc 

— 

— Obs 

170.68 

15.0031 Calc 

— 

~ ,Obfl 

200.98 

16.6516 Oalo 

__ 

_ ObH 

197.02 

10.2236 Calc 


_ Obfl 

226.46 

16.6709 Calc 



ObB 
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Enteopy of vaporization 

Molar entropies of the liquid are calculated from the well known equation 

S=-{dAldT)y, ... ( 11 ) 

TJxo values so calculated are given in the two tables in columns 5 for trifluorophos- 
phine and carbonyl fluoride respectively. The entropy of vaporization is deter- 
mined as the difference in the entropy of the gas and liquid and the values are : 
PFa atl71.77“K 20.4102 (Cal) 20.289 (obs) 

COFo at 188.68‘’K 23.9970 (Cal) 23.17 (obs) 

COMPRESSlBUilTY THE LIQUIDS 
The isothermal compressibility is given by 
1 / dV 

It 


// _ _ 1 / IF \ _ 1 

\dVV 


( 12 ) 


Further we have P = —{dAldV)rjt. Hence fi*om equation (4) we get 

^ 5 )^+^3+lu ... (13) 

Hence we have for the isothermal compressibility of the liquid 

This will form a severe test of the partition fimotion since it involves the second 
derivatives. The values calculated from equation (14) are given in the tables 
111 columns 7 for trifluorophosphine and carbonyl fluoride respectively. 


By dolinition 

„ 1 / \ _ i / _?!£. \ / /i!£\ - /? 

“'~V\WIp~ V\dVST)l\dV*l~'^\ dT 


... (16) 


Hence from equation (13) we get 

: = ^4-(a,h-a,)+.( ) +A,+ lu .+*-i-T ( ) 


dp 
dT '' 




( 10 ) 


1’he calculated and' observed values are given in table 1 and 2 column 6 for tri- 
fluorophosphine and carbonyl fluoride respectively. 


4 
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Tlio boat capacity at constant volume is given by 



and Llic values ubUined ai-e slioAvn in column 8 of the tables. 

Discussion 

in both tJic above liquids, the calculated and observed volumes, vapour 
pj'6‘,ssui‘eiS and entropies agree very well The calculated properties like thoriiiul 
expansion coclliciont, isothermal compressibility and heat capacities are also ui 
satisfactory agreement with experiment thereby proving that the partition fuiuv 
tions formulated adeijuately represent the liquid state of the two molecules, 
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Dielectric relaxation of some large aromatic molecules in 
benzene from microwave absorption measurements 

F. F. Hanna and K. N. Abdel-Nour 
Microwave Laboratory, National Research Centre, DokJci, Cairo, U.A.R. 

[Received 6 August 1970) 

Tho (lielectno constant (c')anrl dielectric loss (c") of three large aromatic molecules namely 
a, a., a! , a.' , 2, 3, 5, 6-ociirchloro -^j-xylenc, 9-acetyl anthracene and acridan have been 
measured at four wavelengths between 0.2 cm and 26 cm and at two or three 
tompeiaturos between 20° and OO^G. The data have been analysed and two lolaxation 
times have been found in each case. The results obtained are interpreted. 

Measurements of e' and c" are carried out at wavelengths 0.22, 3.24, 10 and 25 cm. 
to an accuracy of 2%. The apparatus used have been described befoie by Garg 
eX ai (19G5), Laquer & Smyth (1949), Pitt & Sm 5 rt.h (1959). The static dielectric 
coiistant e has been measured at lOKHz using General Radio Low Frequency 
Bridge Typo J615A. 

Three large aromatic molecules of grade ‘Pure’ were measured namely . a, 
a, (x! , ol' , 2. 3, 5, (i-octachloro -p-xylone, acridan (both obtained from Almdrich 
Ghemical Co Tnc.) and 9-acotyl anthracene (obtained from K & K Laboratories 
Inc,), Benzene “Analar” was distilled twice ovei' sodium and used as a solvent. 
Dilute solutions of (he substances under tost in benzene were used. 

6 ( 1 , f/ and t" were measured at temperatures ranging between 20 ° and 60 C 
Avitli the exception of acridan c' and e" for the substances used wore plotted in a 
coiupl(‘x plane (Colo & Cole 1941) and the. dispersion step (gq— C oo) was obtained 
fci’ each substance at the different temperatures from these arc plots. As an 
example, the arc plot of 9 -acetyl anlhraconoat 20“C is given in figure 1 Then the 



l^guro 1. Arc plot for 9-acetyl anthracene in benzene at 20°C (fof concentration 0.0099 
molo fraction). 
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reduced ab.sorj)tioin;" = ^ — was calculated for each frequency. The values 

of if were jilotted against log A. The absorption curves obtained were analysed 
into two Deybe terms using the equation 


(l-G),-, 


l+a.%® 


+0 


WTg 

l + cu'V“ 


The numerical analysis has been carried out using a computer IBM 1620. 

In case of acridan the variation of e' with frequency was very small so that it 
was difficult to draw the arc plots and hence could not be calculated, t" was 
plotted against log F and the results were analysed also into two Debye terms 
The results of the analyses of all substances are given in table 1. 


Discussion 

1. a, a, a', a', 2, 3, 4, Q-oclachloro -p-xylene : 

Cl Cl 


01-/S-C1 
CI-II i-a 


CH 


Cl 


/ ^Cl 


The measurements were carried out at 20° and 40°C only. It was possible 
to measure c" at a w'avelength 1 25 cm at 20° G and so ly" for this frequency was 
also calculated. Figure 2 shows the results of analysis at 20°0 and 40°C. As 
shown, the analyses represent the experimental data very well and the absorption 
curves are found to be composed of two Debye terms having relaxation times 
Ti and Tg. The availability of the measured values at 2 mm wavelength assure 
these analyses The longer relaxation time is that which may be due to the 
rotation of a molecule of this size as a whole The short relaxation time Tg is 
due to a complete rotation of the CHClj groups. From Stuart & Briegleb model, 
it is found that no complete rotation of the group is permissible. So, it is concluded 
that the rotation of the CHClg-groups is restricted to a slight rotating oscillation 
by the adjacent Cl-groups. The value of T2(5.18psco at 20°C) is comparable 
with the value 3.72 p sec-for the CHgCl-group in a, a', dichloro-p-xylene (Purcell 
ei al I960), is vej-y temperature dependent as would be expected for the oscil- 
lation of the CHClg groups while Q does not change much, 



Table I Dielectric oonetants, dielectric losses, relaration times and cUpole moments in benzene solutions 
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Figure 2. Abeorption of a, a, a', a', 2, 3, 5, 0— octaohloro- p-xylone in benzene at 20" anil 
40'’C (or cnncontratiori 0,0336 mole fraction obtained from the Hinn of two 
Debye termK having relaxation limes Ti and Tg 


The dipole momont (//.) was calculated at the two temperatures and was found 
to be 1.43 D. 


2, ^-Acetyl Anthracene 


CH3 

I 

C = 0 


The measurements were carried out in this case at 20° and 60°. It was found 
in the case of 1 -acetyl naphthalene (Fong & Smyth 1 963) that the molecule possesses 
only one relaxation time due to the blocking of the acetyl group by the 8-hydrogeu 
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atom, the acetyl group in 2-acetyl naphthalene ie able to rotate having a relaxa- 
tion time 7.3 psec. h'ollowing this interpretation, it is expected that the acotyl- 
i.roup in the 9-acetyl anthracene will he more blocked by the 1- and 8-hydrogen 
atom Anyhow, the relation between c* and e" plotted in a complex plane could 
jioL be roprosonted by one semicircle. Both absorption curves at 20"C and G0“C 
arc composed of two Debye terms. Figure 1 shows the arc plot obtained at 
20'’(y as an example. The measuremcjits at 2 mm wavelength helped much in 
obtaining this result. From Stuart Brioglob model, it is found that the acetyl 
i- j oiip may possess a restricted rotation. It is throfore suggested that the longer 
relaxation time t^, is to be attributed to the rotation of the molecule as a whole 
and the shorter relaxation time is due to a restricted orientation of the acetyl 
••roup. The values of shown in table 1, are reasonable for a molecule of that 
size The value of (5.10 psec at 20‘"0) obtained for the restricted rotation of 
the acetyl group in 9-acetyl anthracene is smaller than the value obtained (7.3 
pscc at 20" C) for the acetyl-group in 2-acetyl naphthalene which is supposed to 
have free rotation G, the weight of Tg on the total absoiption is not much affected 

ith temperature fi is also calculated and is found to be 2.76D 


3 Acridan 


H H 

Y 


H 


The measurements wore taken at 20“ and 40“C. No values of (t,)— e^) 
could be obtained due to the very small variation of e' with frequency as rnen- 
I ionod before, hence the reduced absorption y" could not be calculated. The values 
of c" lit each temperature are plotted against log /. The measurements of e" at 
at 2 mm wavelength (specially at 40“C) show that the absorption cannot be re- 
presented by one Debye term. The analysis is carried out as shown in figure 3 
using two Debye terms Iiaving relaxation times and To. The longei' relaxation 
tune Tj, which is about the same as that for 9-acetyl anthracene, (molecule being 
about the same size) could be attributed to the rotation of the whole molecule. 
This is a reasonable value for a molecule of that size. While the short relaxation 
time Tg may be due to an internal motion within the molecule. From jStuart & 
Briegleb model it is seen that the molecule can have an internal motion, This 
internal motion could not be an orientation but may be due to a tipping over 
cf one of the outer benzene rings. This type of motion, as expected is very 
temperature dependent. 
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Figure 3. Absorption of acndan in bonzouo at 20“ and 40° U for concentration 0.0087 mole 
fraction obtained from the sum of two Dobyo terms having relaxation times ti 
and Ta- 
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Oscillations of an inhomogeneous bounded plasma 
By Ttjshar ray 

Department of Physics, Panskura B. College, Panskura, Midnapore, India 
(Received 16 July 1970 — Revised 22 December 1970) 

Quiisi-Btatio wavos on a plasma cylinder with radially varying donsily have boon studied. 
An approximate ebsperaion relation is derived, with the use of a di-olootric tensor whieh 
ia a local quantity, and ia compared with the case ofd, homogonoous plasma cylinder. 

Introduction 

Tlie study of oscillations of a plasma cylinder is of interest as this configuration 
Iij)K liecn used in several laboratory experiments (Apcl 1969, Barrett et al 1968, 
Wong etal 1964) The case of homogeneous magnetoactive plasma confined 
within a cylindrical conductor has been studied by Lichtenberg & Jayson (1965). 
These authors have used a di-electric tensor which is coji*ect within the quasi-static 
approximation and approximation of longitudinal velocity only. Inhomogeneous 
plasma in the same configuration has been considered by Lee (1969). 
Here the same problem of inhomogeneous plasma in a metallic cylinder is 
treated, but with the uso of di-electric tensor whose local value is of the form 
used by Lichtenberg & Jayson, with this exception that only one component 
plasma is considered and the velocity of streaming neglected. The dispersion 
relation is derived using quasi-static approximation and reduced for the case of 
eold plasma also. The results have been compared with the case of a homogeneous 
bounded plasma. 

Derivation of the dispersion relation 

A plasma cylinder of radius b is surrounded by a co-axial cylindrical conduct- 
ing wall of radius a. The cross-sectional variation of plasma density is assumed 
as 

n ( r ) — nj ( r ) ' (1) 

with/(y) = 1 — go tjiat Hq is the density on the axis r = 0, of the cylinder. 
There is a steady magnetic field II along this axis. 

The di-electric tensor uged in this analysis is of the form 

... ( 2 ) 



5 


467 



468 


!l\ishar Bay 


rith l+rf{r) 




(2A) 


= 1+ [1+&*(Q] = l+Tj(r) 


»vhere z(Q = 2ie ^ J exp('-i2).d< which is tabulated by Fried & Conte (1961). 


y __ y y tti 

“ 2*.K^ * ~ 55^j, 


OJ. 


2 


47r?inC® eH 

o_ , oja ~ — 

rn me 


Here the Maxwellian velocity distribution with the thermal velocity and the 
variation ~ are assumed. In using the local value of the di-clc(ftrio 

tensor the restriction KL <<1 is imposed, K being the wave number and L 
the characteristic scale length of the plasma density variation. This condition 
is automatically satisfied for axially propagating quasi-static wave, i.e. for Kr = 0 
In the quasi-static approximation E is derivable from a scalar potential, i.o. 

E = — 

Hence the equation y.D = 0 becomes 

V-(ev^) = 0 ... (3) 

For the axi-symmetric mode, the equation (3) becomes in the cylindrical polar 
co-ordinates 


Or, 


fv +1. ^.?+^(ln err) . = 0 

dr^ r dr dr ^ dr €„ 


«*[l+r/(«)] 0 + [ l+r/(«)+«r ] ^f-u[l+Tj(v.)]f=0 


.. W 


where M = and /(a) = J = 1 . 
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This is a Sturm- Liouville equation which is here solved by the variational method, 
outlined by Margenau and Murphy (1066), The trial solution is taken as 

ao that 

f|r~6 = fo. 

and y>„ are related by the condition 

^-0 ... m 

^vliere 

Hr) = |[l+r/M]i>iVdtt+j'[l+To/(«)] , 

Outside the plasma column the equation (4) reduces to 


the solution of wliich is 


du^ u ' du 


— f = 0 


ip = ^/oW+£/jro(w) 


uhero and are modified Bessel functions of order zero and, A and B are 
constants. At 


u — akz = A, 


df 

du 


0 


Hence in the vacuum region 

Again at u = S, 

^plasma = 9 vacuum 
^ f ^*fpladma _ df vacuum 

• -'du - — dr~ 

These boundary conditions along with the equation (6) give the dispersion relation 

as 

[K,{^)I,^S)-U^)K,{S)](\+r-T. J).d, [ 1 

= [iT, (A)/, '(d)-/, (A)!:, '(«)][ -g-(l+r)-| r. • J] 

(6) 
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Discussion 

For a complotoly filled wave-guide 5 = A, and the equation (6) becomes 
2 (l-|-r)--i-T£“+i(l+T„).a®-i.T„(S“.e» = 0 ... (7) 


whore e = SjA determines the plasma density at the guide- wall. Taking zero 
density at the guide- wall (c — 1) the equation (7) becomes 


= -6. -l+l/i-- 

1+3t„/4 


( 8 ) 


For a homogeneous plasma (c — 0) in a cylindrical waveguide the equation (7) 
becomes 


‘= - 6 . 


1±L 

l + T-fl 


( 9 ) 


Case J. For cold plasma 


T 



and- Tq — — 


CD 


Taking 2 the relations (8) and (9) are idotted in figure 1. It is foimtl 

that the stop-band is wider in the case of inhomogeneous plasma. 



Figure 1 

Case 2. For hot plasma, taking oiglcip = 2 and = .072 the relations 

(8) and (9) are plotted in figure 2. It is found that as in the case of cold plasma, 
the values of for the inhomogeneous h6t plasma are slightly higher than lor 
the homogeneous hot plasma, the difference ind'easing towards the higher fi’fJ- 
quencies. 




Figure 2 

Case 3. Taking A = oo the dispersion relation (6) becomes 
^ /f„(«) « (l+l T„ ) = /<r„'W [ (l + l T )-|-l (l+ J ] for 6= 

* 5./f„(J),(l+T)(l+T„) = AVW. [(1+T)+ 1 (1 +T„)J’‘| for e = 0 



Figure 3 
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For (^ < 1 the Bessel functions are replaced by their series expansions arrested to 
the second power of 8 and then these relations are plotted in figure 3. It is seen 
that in the range 0 < < 1 any value of 8 corresponds to two values of wp for 
the homogeneous cold plasma cylinder, the upper one being slightly higher than 
the only value of w/coj, for the inhomogeneous cold plasma cylinder. 

In all the figures the solid lino represents the inhomogeneous plasma while 
the broken lino represents the homogeneous plasma. 
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A note on heat transfer due to the motion of a gradually 
accelerated plate 

By Rama Sankae Rath and Bhimabbn Mahapatha 
Post-Graduate Department of Mathemaiicst Utkal University, Vani Vihar 
Bhubane8war-4:y Orissa 

(Received 12 May 1970) 


Hoai tianaler due to the motion of a gi'adually accolorated flat plato in a viscous inoora- 
prossiblo fluid is considered. Solutions have been obtained m closed form. It is seen 
that tho thermal boundary layer thickness docreasos and that the Nussolt nunrbor in- 
croasos with an increase of the Prandtl nuraboi*. 


Introdtjotion 

Leslie (1963) considered ihe motion of a flat plato from rest in an incompres- 
sible visco-olastic liquid proposed by Oldroyd (1950) and obtained the velocity 
proliles for largo and small time using series expansions for the velocity and stresses. 
Rath (1967) solved the same problem for the fluid in which the coefficient of visco- 
sity depends on the three invariants of the rates of deformation. 

Wo have now considered the problem of heat transfer in a viscous incom- 
pressible fluid, with constant fluid properties, due to tho motion of a flat plate 
started from rest with an acceleration At^. Tho wall temperature is assumed to 
be linearly varying with time. Exact solutions have been obtained without 
considering the dissipation function in the heat balance equation and computa- 
tions have been carried out for rather small values of Prandtl number in winch 
case wo have some justification of neglecting the dissipated heat. Temperature 
profiles have been drawn for Pr = 1» 0.1, 0.01 and some important conclusions 
have been drawn from the graphs. 


Heat Balakoe Equation and its Solution 


Here we assume that an infinite flat plate occupies the position y = 0 and 
gradually moves parallel to itself in the aj-direction with an acceleration At^ start- 
ing from rest. The energy equation in the absence of dissipated heat becomes 
(SchUchting 1968) 


pc 


dT 


dt 



( 1 ) 
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The boundary conditions are 

T(0, 0 -= Tw{t) = 

T{oo, t) — Ta> — Constant 

In the above equations /o, c and k denote the density, specific heat and con- 
ductivity^ all of which are assumed to be constants. Also and lopicsent 
the temperatures at the wall and out-side the thermal boundary layer. 

We further assume for obtaining similar solutions of the equations (1) and 
(2), that 

= = (n) 

Transformations (3) roducs equations (1) and (2) to 

^*0(/)+2 Prlj^e(l)-i P, 6(1) = 0 (4) 

where — Prandtl number, 

and /=0, 0{I) = U I = oo, 0{I) = 0 ...(5) 

The solutions of (4) and (5) are obtained in a closed form as 

0{I) = 2(7r)-H(2Pr/Hl)erfc[(Pr)i/]-(i^r)i/exp(~iV2)} 

where erfc[(Pr)*-^J = J ®xp {—x^)dx. 

Nusselt Numbbe 

We have according to Newton’s law of cooling if a is the coefficient of heat 
transfer and q the quantity of heat exchanged per unit area and unit time, 

q = a.(T„-T^) =r oAt = -k = -k(^9'iW-*)l=o [«' = 

then a = —k^-^ (•'O'* 

Thus wc obtain a nondimensional heat transfer co -efficient 
JVu = = —^'(0) = 4^ 

Discussion 

In figure 1 we see that there is an increase in thermal boundary layer thickness 
as the Prandtl number decreases. The Nusselt number, however, increases with 
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Figui ‘0 1. Totnporaturo function. 

Pi andtl number. It is lurtlior seen from the graph tluit the llnid layer at a distance 
otjiiai to nearly ono-lifth the thcj'mal boundary layer thickness attains the tem- 
perature of the fluid outside the thermal boundary layer. In between this layer 
and the fluid at infinity the fluid temperature falls belou' J'op, the maximum fall 
occurring a little before the point haiftvay between the wall and infinity. 
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Spin of 4.8 Mev level of Be*^ 

By M. K. Saxbna* 

Department of Physics^ University of Lucknow, Lucknow 
{Received 29 December 1969 — Revised 2 June and 31 July 1970 

An ordinary lithium target has been bombarded with fiOOKev deuterons from the Cockrot't- 
Walton high teriaion maohino at the Tata Institute of Fundamental Resoaroh, Bombay. 
The outgoing neutrons wore collected on 400g. thick Ilford G5 nuolear research emnlision 
jilai-es at seven angles, viz. 0“, 46“ 60“, 90“, 120“, 135“ and 150“. The neutron yield at 
Boven angles corresponding to 4.8Mov level of Be® was exporimontally found. This value 
was compared with the predicted neutron yield from the theory of Butler. Of the various 
curves drawn for tho yield at the different values of the proton angular momentum trans- 
for tho curve at Ij,^ showed the closest fit to tho observed data. The analysis yields that 
tho spin of the 4.8Mov level of Be® is 0 or 2 and of even parity. 

Introduction 

The spin of tho 4.8 Mev level of Be® has been deduced from the consideration of tlu‘ 
angular distribution of the neutrons from the nuclear reaction Li+ti. The experi- 
mentally observed angular distribution of neutrons from 500 Kev deutoron bom- 
bardment of lithium, has been compared with the various such curves obtanicrl 
from the theory of Butler (1967) for various values of the proton angular momentuni 
transfer (1^,). A comparisiou of the experimental and calculated values shoA^ s 
tlio closest fit with Ip = 1. This gives the spin 0 or 2 and oven parity for this 
level. 


ExfebimUntal Method 

An ordinary lithium target 96 Kev thick on 0.013 cm copper backing, has 
been bombarded with 500 Kev douterons from the Cockroft and Walton high 
tension machine at the Tata Institute of Fundamental research, Bombay Tho 
outgoing neutrons were collected at seven angles on 400/i Ilford G5 nuclear research 
emulsion plates. The emulsion plates were then processed by the method ot 
“Temperature Cycle” of Dilworth et al (1948) and wore scanned under Cooke 
Troughton & Simms Nuclear Research Microscope ( x 1200). All the tracks which 
were produced after the reaction within a solid angle of 6° from tho direction 
of neutrons and originated between 50ja to S50/i thickness of the emulsion plate 
and exceed a certain length were measured. The neutron yield in terms of the 
number of events /JO®//® at seven angles, corresponding to the 4.8 Mev level, was 
transferred to the centre of mass system of coordinates by using tho formula of 
Haxby et al (1939) and normalised in the forward direction {0 = 0) and plotted 
on the graph in dashed lines with the statistical variation shown at each angle- 
*Piosent address : Department of Physics, College of Military Engineering, Pooua- 
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Discussion of the Results 

The neutron yield does not show any fore-and-aft symmetry as is expected 
iVoiii Bohr’s theory of the formation of the compound nucleus (Evans 1955). 
The, uenlron yield shows a pronounced forward maximum, suggesting that the 
()p])eiihcimer-Phillips (1935) process of stripping of the nucleus has been mainly 
responsible for the interaction between the dcuteron and the target nucleus. 
Hcrehi a proton of the dcuteron interacts directly with the lithium nucleus and 
iornis tlio Be® nucleus. The other nucleon of the deuteron, i.e., the neutron goes 
off with the residual energy and momentum. Though the energetics of the com- 
[roiiiid nucleus formation and the stripping process are the same, the angular 
distribution of the outgoing particle is entirely different. An analysis has been 
inarh' using the theory of Butler (1967) The calculated values of neutron yield 
for tile protonjingular momentum transfer values 0,1,2 and 3 have boon calculated. 
The data for = 0 has been shown by the dot-dash curve on the figure, 
The continuous curve shows the data for Ip — 1. The neutron yield data for 
Ip -- 2 is shown as long dashes. This can be distinguished from the short dash 
data representing the experimentally observed values having the probable values. 
The data for 2^ = 3 is shown by a dot curve. 

The curve for proton angular momentum transfer value Ip ^ 1 shows the 
closest fit for the observed data as shown in the figure. It suggests that the proton 
with an orbital angular momentum value I (Ip — l)i& directly assimilated in the 
nuclens of lithium and the outgoing neutrons take the residual energy and the 
•angular momentum. This gives the spin of 4.9 Mev level of Be® to be 0 or 2 
and of even parity. 
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A note on the level structure of ^”^Au 
By M. N. Seethakamanath, B R. Sastry and K Partiiasaradhi 
jjfVifi Laboratories for Nuclear Research, Andhra University, Waltair, 

India 

{Received 27 October 1970) 

The core-excitation model (do Shalite 1901) was applied with a large degree 
of success to explain the features of the low-lying levels of In particular, 

tlie model successfully accounted for the magnetic moment of the 77 koV (1 /2+) 
state while the models (lalango et al 1907, Kisslinger et al 1963) which assumed large 
|smgle particle admixtures failed to explain it. In the present paper the energy 
lev(!ls as well as the transition rates of arc treated in this model . In the earlier 
woiks on (Okano et al 1909, Backlin 1967) the applicability of the core- 
excitation mode] was discussed in respect of the transition rates only. The 
spin sequence of the low-lying levels of ^®®Au is different from that of the other 
three? oddmass gold isotopes. The correct level sequence is prediet-ed with the 
present calculation. 

As in the case of ^’’’Au, single particle admixture was allowed in the ground 
state The wave functions are wi’itten as 

u>i = ^l Off >4-\/ra'^|2t§> 

I J > — 1 2 f J > for J = i and 7/2 

Using relations of tensor algebra, the formulae for the transitions are written and 
the results are tabulated in table 1. For calculating the value of A^, the 
BM1(1 /2— > 3/2) value is assumed, gp is taken to be the Schmidt value and go 
taken to bo ZjA. 

The core excitation model envisages the low-lying levels of oddmass spherical 
nuclei as arising from the coupling of the odd d^/z proton to the even-even core. 
The coupling results in a core-multiplet which will bo degenerate in the absence 
f’f an interaction between the particle and the core. The core-particle interaction 
can ill general bo represented by a sum of scalar products of irreducible tensors 
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where T/ operates on the degrees of freedom of the core only, operates on 
the degrees of freedom of the particle and /* is the strength of interaction. The 
allowed values of are 0, 1. 2, 3 for ^®®Au. Leaving alone A; = 0 term which 
causes only a shift of the centre of gravity, the terms which split the multiplet 
are the k = I and = 3 The k = 2 term is found to be small and neglected 
as in the case of ^"'^Au (Mckinley et al 1966). Then the energy levels are given 
by the exi)ression 

E(J) = E,+ [gA U(73 } 

> 

where Eq is the centre of mass parameter. The energies of the 1/2 and 3/2 stales 
are assumed to evaluate G^ and Cg starting with a value of Eq equal to the energy 
of the first 2^ state of the neighbouring even-oven nucleus With these values 
the energies of the remaining states are calculated . The value of E^f for which the 
sum of the squares of the deviations of the experimental energies from the thoo- 
retical energies is minimum, is assumed to be the best value. 

In fact, the energies of the low-lying levels of all the odd A gold isotopes can 
be calculated using this model. The low-lying levels of the odd A gold isotopes 
may be viewed as resulting from the competition between k = ] and /<* — 3 
interactions The parameter G^ goes on decreasing and G^ goes on increasing with 
increasing neutron number. Tliis behaviour is responsible for the decrease in 
separation of the 3/2 and 6/2 states and for the reversal of the two states in ^*’*’Au. 
The calculated and the experimental values are given in table 2. 


Table 1 



Thoory 

Exporimont 

BM1B[(3/2)2-(3/2] 

BMlBr(7/2)-(6/2)] 

0.02076 

0.01032 

0.01862 

0.043 

<0 0062 

'-0.001 

Bi(72fl[(.5/2)-(3/2)] 

0.0130 

>0.013 


0.2153 

O.20±O.O3 

Q(3/2) 

0.8936 

--0,7 for 


It can be seen from tables 1 and 2 that the agreement between the experi- 
mental and the calculated values is, in general satisfactory. So it may be concluded 
that the core-excitation model gives a reasonable agreement with experiment 
in spite of its simplicity. 
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Table 2 


Table 2. The calculated and experimental values 




103 

195 

197 

199 

1/2 

Calculated 

Exptl. 

0.038 

0.038 

0 061 

0 061 

0.077 

0.077 

0.077 

0.077 

3/2 

Calculated 

Exptl. 

0.224 

0.224 

0 241 

0.241 

0.269 

0.269 

0 324 

0.324 

6/2 

Calculated 

Exptl. 

0.283 

0.268 

0 297 

0.261 

0.316 

0.279 

0.305 

0.317 

7/2 

Calculated 

Exptl. 

0.498 

0.508 

0 504 

0.525 

0.623 

0 548 

0.504 

0.495 
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Forced convection flow past a plate with variable 
thermal conductivity 
P. C. SiNHA 

Department of Mathematics, Indian InstitiUe of Technology, 

Hauz Khas, New Delhi’29 

{Received 17 November 1970 — Revised 27 May 1971) 

Effect of variable thermal conductivity on heat transfer from a flat plate maintained 
at a constant temperature has been studied earlier by the author (Sinha 1967). 
In the present note such effect is considered when the heat flux at the plate surface 
IB prescribed. 
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The energy equation governing the present problem (Sinha 1967), is 



(1) 


The boundary eonditions are 


y 0{x > 0); 


dT^ ^ _q 

dy k ’ 


?/-> co; Too, 

whore q is th(i lieat Ihix j)er unit area of the plate. 
With the substitutions 


( 2 ) 







and k = 

equation (1) l educes to 

= 0, ... (3) 

wiiere k^ — tliermal eonduetivity at T = T„, a = kJpCp, fi and 0 are constants 
and dashes denote differentiations with resi)ect to //. The new boundai'y eonditi(jii.s 
are 

,y = 0; = 1 

7/“>oo; J ... (■!) 

The solution of equation (3) satisfying (4) is obtained by an integral method duo 
to Epstein (1958), since our aim is to get qualitative results. In this method 
an appropriate initial form containing some free parameters is assumed for the 
profiles which are then substituted in the integral equations to obtain new profiles, 
which are better approximations. The free parameters occuring in the initial 
profiles arc determined l)y requiring the new profiles to satisfy all the boundary 
conditions of the problem. Thus satisfying (4), //(?/) and can bo chosen as 


H'(7i) = -e-«, H(ri) = — , (5) 

a 

where the free parameter a is to be evaluated from the boundary condition at 
infinity. Integration of equation (3) with respect to y from 0 to q yields 

H'(y) = /i'(0)-3^/2//(^)+9 / yH{y)dri-fi[H{y)H'{y)^H{0)l W 
0 


Substituting (5) in the right-hand side of equation (6) and using (4), we get 


ff.'W = - (i+^ 

\ a 


9 \ _ 9e-**^ 
a“/ a» 


a ct 


... (7) 
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The parameter a can be determined from the condition H*{oo) — 0, which suggests 
that a should satisfy 

l+^-4- = 0- - (8) 

a 

Equation (7) then reduces to 



Figure 1. Dimonsioiilesa temperature profiles for various values of /?. 

Integrating (9) witli respect to 7f and using the condition Hi{od) = 0, we obtain 
(3ah,’‘+lSav+2i)-P. ^ . ... ( 10 ) 

The function ^ 1 ( 1 / ) has been plotted for different values of ij and it is found that 
a linear variation of thermal conductivity with temperature results in a linear 
v^ariation in the temperature distribution. Similar conclusion has been derived 
earlier by Sinha (1967). 
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BOOK REVIEW 


Mathematical Methods in Solid State and Superfluid Theory 

Scottish Universities Summer School (1967) Edited by R. C* Clark and 
G. H. Derrick. Oliver da Boyd, Edinburg, 1969. 77s. pp 400: 

The summer school was meant primarily for “theoretical physicists of at least one year’s 
post graduate staudmg. “However the reviewer feels that most of the reports are at such a 
level that only fairly experienced workers will be able to utilise them to advantage. A very 
wide field is covered — ^there arc eight long lectures and seven short ropoi’t of recent reasearohes. 
The first one, by Lanezos, gives an outline of classical mechanics and then goes on to the dis- 
cussion of Noether’s theorem that an invariance of the Lagrangian with respect to an infinite- 
simal transformation is associated with a correspondmg conservation principle and thus obtains 
the conservation laws both of mechanical systems and fields. Tho second lecture is a fairly 
long discussion of transformation theory by Gross. Baym thon takes up tho mioroscopuj 
description of superfluidity and brings out the essential similarity between theories of liquid 
He and superconductivity. The next lecture by Luttmgor on transport theory considers Ihc 
transport coefficients as tensors and after obtammg Kubo type formulae goes on to a dei ivatioii 
of transport equation using diagram techniques. Valatin’s article on ‘Density matrix methoch 
and superconductivity theory’ discusses the subject matter' starting from Hartroe-Fock methoil 
and then goes on to tho magnetic coupling effects in a suporconducting film. There are two 
other main lectures — one on perturbation theory and its application by Brueckner and another 
on exactly soluble models (discussing Heisenberg chains and two dimensional Ising model) 
by Lieb. This simple cataloguing of the mam lectures and the fact that there are besulus 
seven research reports aro perhaps enough to rfiow that the volume will be of great use to a 
varied group of workers and any library should have a copy if there bo an interest in advanced 
theories of solids and superfiuids. 

A. K. It. 0 
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Spin- 1/2 formalism for two-level problems 

By H. G. Venkatesh and L. P. Dixit 
Birla Institute of Technology, Mesm, Manchi 
(Eeceived 7 July 1970) 

Tho rormulism of iho theory of aagular momentum (bpin-1/2) ih the must appi'oj)nttte 
loi‘ the treatment of the two-lovol problem (intoraeiion of lachatioJi with a quantum 
inechaiucal system with an isolated pair ol eigen states of energy) The density matrix 
and the total Hamiltonian can bo cxpiossed as vectors m a eo-ordiuato system spainit'd 
by the basic spin j oproseiitatious relatixl to spin space. '^I'lii' dynamical problem is 
s()lved by finding from the equation ol‘ motion the .spnior traiisfermation T whicli e fleets 
the rotation of the density operator. 

Tlui spill — 1/2 foimahsm shows the intorcoimectioiis among the distmctive iiiPthuds of 
treat ing the problem (due to Feynman & Vernon 1957, Dicke 1954, and Lamb 1994). 
An (litalyUc solution of the mochaiiieal problem of finiUiig the polan/.atjon for the 
transition Am — t) is presented Expressions are given foi oleci/iical field, powei’, and 
oaeillation frequency in terms of the one variable, the pulse strength Om dotorininccl by 
the density A' of molecules interacting with tho radiatiim field in a stationary process. 
The matrix of interaction containing this paramotei is a rotation about the 1-axis m 
hpin-spaco through tho pulse angle 0 autl operates on the initial .sysLoin N'uolor to 
produce the system voctor at timo t Tho lattci is a matiix whose elements are the 
c'XpectaUon values of the unjierturbod Hannltoiiian and polarization 

Introduction 

Th(^ liAVo-lcYcl problem dealing with apontaneous and induced omisaion ol radiation 
Ij'oin an asaembly of atoms (or molecules) with an isolated pair of low-lying energy 
lev(‘Js lias been treated in so\'ci‘aI ways in ordci* to obtain the emitted po\^'CJ‘ and 
fiiMjuency shifts. Of the four general forms of the etpiation of motion in quantum 
meclianicis, Avith which the two-level jirohlem can be treated, namely, those in- 
volving the Selirodingej' n'ave function the density operator p, tlie T-opcratoi', 
and the Heisenberg variables, only the Heisenberg loi’in seems to have been left 
eiit Some of these methods have been extended and I'efinod to bring out the 
more detailed, and non-linear aspects of the process (Molianty 1967, Boy 1969). 

I’here is a very simple form of the dynamical laAv brought out by Feynman & 
Vunion (1957) specifically for the two-level problem Tliis presents the dymuiHcal 
problem as the motion of a gyroscope (a vector r) with Irequeiiey w in r-spaee. 
bicke (1954) presents no specific form of the equation ol motion lor the iM O-level 
problem. He proceeds on intuitive grounds to deal with an important aspect 
ol the radiative process, namely, the existence of certain exceptional states ol 
bio gaseous assembly of N molecules and shows that in a spontaneous emission 
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l>i'ouess the intensity of radiation is propoi*tional to (and not N as for indo- 
pendent molecules). 

By a juxtaposition of Pauli operators with Peynman frequencies and vector 
i\ one can express the Hamiltonian and density operators respectively as vectors 
in spin space. One can almost characterize the two -level problem as a spin- 1/2 
problem Hints on the application of spin-1/2 formalism to two-level problems 
have appeared in literature at various times but the autluns feel that- there is no 
systematic treatment of the ju’oblem from this angle. The purpose of this paper 
is to x^resent such a treatment and to derive Peymnan’s solutions analytically 
Further, the main postulates of Dicke are shown to folloAv from a general form 
of the dynamical law. In this way the interconnections between the mctliods 
of Lamb (1964), Penyman & Vernon (1957) and Dicke (1954) can be shown 

The s 3 mtom considered is a beam of molecules with an isolated x^air of energy 
levels entering a cavity tuned to the molecular transition frequency, the molecules 
being all in the state of higher energy just when they enter the cavity ai l ^ () 
The proper values of the energy are Ea and the molecular transition frequency 
being wq = 


ypIN SPACE 

Let ijf represent an arbitrary state of the sj''stem 

'A = 

Avhere the co-efficients satisfy the normalization condition 

aa*-\~bb* — I 

TJie matrix 

/a ~b*\ 




/ \r 



( 1 ) 


( 2 ) 


(3) 


and its conjugate imaginary 


T = ( “* ** \ 

1—5 a I 


Chi) 


satisfy TT — - 1 ill virtue of the normalization (2). Hence T is unitary. (1) 
XU’CHeiits the unitary I ransformation of Aa 6y T : 




TJie clement, s of the matrix T arc just tJie Oaylcy-Klein parameters. 
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In general the matrix T transforms a two-component wave function 



into another as follows : 

^ aA-h'^B ^ ctA^pB 
B' =r. hA-{-a*B = yA-i-^B 
subject to the condition (2), i.e., 

a<y-/?y=:=l ... (2a) 

A spinor is a two -component quantity defined by the linear transformation (4) 
subject to (2) (or (2a)) when the co-ordinate system is rotated. The problem of 
finding i/r is equivalent to finding a representative of T involving the inter - 
iictiou which effects a rotation in spin space. 



In Euler resolution the general rotation T is given by the product 

where Tq, are unitary matrices effecting rotations in spin space through 
the Euler angles, d, ^ and are given by 


Tfp — I. cos 0/2-h»(r3 sin ^/2 = 

Tq == / cos 0/2-hi(riBin0/2 =: 

— I . cos ^//2-~}-2(7-3 sin ^//2 = e#/2.<Ta 

The Pauli operators <t — ((Ti, (Tg, (Tg) obey the commutation rules 
cTj — 0 ; o-iO-g— 0*2(7^ = 2icr3 etc. 

Also o-jO-, — icr^ etc, = (T^ — o-g^ — / 


/O 1\ /O — i\ il 

They are represented by ( j Q/’ Vi 0/’ \0 

1 , /I 0\ 

Let us denote the unit matrix by o'© = ( ^ i ) 


(5) 


6 


-1 


) 


The density matrix 



, ^ ^ ja* a 

5* ov 

... (6) 

The density operator is given by p(t] = ^ 

6* bl 

Introducing a new operator /u>(t) = 2p(<)— 1 so that 

0 

T 

(7) 

at t = 0, the dynamical problem reduces to finding the transformed operator 

TTar, = a-„ = ri<ri+rj<r,H-r,£r, 


... (8) 
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wluM O (T„ IS lihi' roTTiponont of rr in a general direction n with direction cosines 
y,, /'a- 8inoc 

I — Tcr^^T — Tcr^TTa^f — 

— > 

r^, ^2^ ^'3 also t he components of a vector r of unit length 

1 ■■■ (It) 

Using ( 3 ) and ( 3 a) w(‘ obtain r from the transformation (8) 

^2 = i{ah*—a*h)y 

j-g = ... (10) 

= 1 — aa*-\-hh^ 

(0) follows from (10) when the normalization condition is used The density 
matrix may then bo written as 

i 1 V Y V 

f‘ ^ M,. J .V 1 rl^ K+i(»’lO’l+’-2«^a+Vs) ■■■ (11) 

iv'''a * '3 l 

J II liorm of the spin angular rnomontiim H — Jfecr, 

p ^ 1 7'oiSfo) 

The foi m of tJie matrix // shows that /f is a vector of unit lengtli in the space spanned 
by I he unit vectors cTj, rr-j, (Tg and rotating under the influence of the radiation 
field . 


The HAMILTONIAN 

The impertnrbed Hamiltonian is represented by 1-he matrix 



Tf the energies are measured from their mean taken as zero, then 

I f the system has no permanent electric dipole moment the perturbation is re- 
presented by the matrix 

introducing the real quantities w^ = h ^{Vah-Vyia) 

0J2 = V aif — ^ ba) 

W3 — 


( 13 ) 



\Vv have 
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1/ 


(14) 


The total Hamiltonian is given by ; 

H Hq-\~V — ife(wiO'j-j- w2<r«+tujj(Tg) 


\ Wi 


-T^COo 



(15) 


Thp] rqxtatiok op motion 
TJie time devolopnnmt of p is given by 

*df ^ (16) 

Tlu* eoiii mutation rules ior <7, ,fr 2 , (Tj lead to the follow ing relation for any two 
>^cH‘tiors a and h 

{a.(T){h!e) = ~a.i^i{inLy^ O' ... (17) 

^^hI(•h gives 

(a.<r)(ft'o-)— (i!).(T)(«>) 2i{axh).(f ... (17a) 

Using this relation and substituting for p and H from (11) and (15) in (10) 

Q — ► -+ — > 

?'fe^-(?' O') i^aiyr).(r 

or 

y, =a>xr ... (18) 

'fins is Feynman's eqnaimi for the two-level problem. The equation is true for 
all co-ordinate systems (in Rx)in space) obtained from each othej- by rotational 
displacements and for rotating co-ordinate systems. 

The interaction process may be regarded as the motion of a vector of unit 
Icngtli in spin space and lends itself to a graphical solution considered by Feynman 

Tlie essential step is to transform to some rotating co-ordinate system where the 
— ► 

vector r appears to execute a simple processional motion about the 3 -axis, the 
component of the frequency w along the 3-axis being constant and the other two 
<'ompononts being zero. The representation of the dynamical law as a unitary 
ti ansformation (rotation) in spin space automatically leads to the graphical method 
although we shall adopt here an analytical procedure which is entirely parallel 
1-0 the graphical method. 
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Rotations 

Let us denote the four oo-ordinate systems here by (space-fixed), 2^ 
(body-fixed), (rotating) and Sp (precessional). Wo pass over to t>y means 

of Ta effecting a rotation about the 3-axis of through an angle 6{t). One can 
— > — ^ 

follow the motion of r in or regard r as fixed in and follow the motion of a 
co-ordinate system Sb relative to Alternatively, one can introduce an intcr- 

mediate moving S i.(\, £p in which r has a simple prescribed motion. Let v 

process round the 3-axis of Sp with constant angular velocity at a definite angle 

— ► 

to it. Sp and Sp are introduced as a method of getting the solution for r. 

We shall denote the components of r in Sp by sijigle primes and in 2p 
by double primes and define Sp and £p precisclj’^ as folloAvs 


The transformation to Sp is given by 


(/.cos 56/2 -]"7'<Ta sin 0/2)(ri<rj-|-r2O'2+ 0/2— sin 0/2) 
^ ri'o-^+r^'o-z^-rz'o-a 

which gives 

r\ — cos 0— ra sin 0 
7*2' = rg cos 0-f-?*i sm 0 


Similarly, 


txij' zs= oji cos 0 — ojg sin 0 
oi^ ^2 COS 0 *i~ sm 0 


Since the oscillatory field along l-axis is a superposition of two oppositely rotating 
fields and since one of the components, say the clockwise, can be ignored, 
we have 


= -i I 1 COB (<ot-i-0), (D^ = i 1 *^1 I (cuf-1-0) 

If we proscribe for the rotating system 0 = — to 
We have 

wa' =0, wi' = J I oil I = ^0 


To find 013 ' wo have from (18) 

r/ = — (a>3+0)ra'+(<ui sin 0+ W2 cos 0)ra' 

Hence 

tOg' = COq— O) 

The total angular velocity relative to Sp is 


... (19) 
... (20) 


... ( 21 ) 




... ( 22 ) 
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Wo obtain tho processional co-ordinate system by further rotational dis- 
placements 0 " and (about the 1-axis) and then about the new 3"-axis such that 

the 3"-axis coincides with the resultant angular velocity n ^ 

transform from Sp to ^2* 

f = 

(Ty is then transformed to 

Ttr^T = yiVi+raVa+raV^ 

Evaluation of the left hand side using (17) gives 

Vj" — sin d"' sin i//"; r/ — sin <?" cos \jf"\ — cos 0" ... (23) 

111 tact (23) is true for a transformation to any arbitrary coordinate system^ the 
pj'occssional co-ordinate system in particular being defined by 

0 " ^ constant, wj" oig" — 0, w./ = n (24) 

Fi'om (18) and (23) 

ro' ^ 

\\'liich leads automatically to 

Ci)^' — 0 , — 0 , o}-^' — — ijf*' , ~ — i2^~\ ^ 

AS'liero 5 ]S a phase constant. »So that 

r^" — sin 6 " sin (— Qf-|-^) 
r./ — sin 0" cos (“Qf -f ^) 

/’a" cos 0" ■ • * (25) 

It is easier to ^ATite explicit expressions by transforming to Syj for evaluation of 
S Hotating Sp about the 2"-axis through 0" 

r^' = fg" cos sin 0" - cos^ d"-}- sin = <9" sin (— 

^ —rg" sin cos 0” — —cos 0" sin sin (— QH ^)} 

/Y = rg" = sin cos 

The boundary conditions 7\' — r^' = 0, rg' ~ J at f — 0 give 

^ = 7r/2 
= — f2f.-h7r/2 

Vj ~ —cos 6" sin ^"(1— cos Slf) 

. Tz — sin O'' sin Qt 

rg' =:= cos'-i 6?"4-sin« 0” cos Qt 


and 


( 26 ) 
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Aj^ain from (18) ami the boundary conditions 
C02' — 0, sin 0" — ~ oij'/fi 

and from (22) 

cos 0" = (tu„— •a>)/Q 


>'i =-- — (l-cos£J() 


r./ — — --^1- sin ill 

Iv 


- I (1 oos Q/) ( 2 S) 

This essentially solves the dynamical fiioblem 

The angles ax)l)i‘aring in h’oyiimaii s graxdiical solution arc just the Eiih'i 
angles and arc alieady built into the sxhii- 1/2 ibrmalisin The relations between 
Lhe angle (denoted by 0 by Feynman and Vernon) 

ai - iiLjo -= Oj, = “)■ (29) 

and the Eulei' angles (//", are as IblJous . 

Ojj — ttI'I—iJ/" — — to/Z/sin 0" 

Under conditions of exact tuning a> ~ oio and 

— 0, I’a' = —sin Qt, 1-3' ~ cos Ql 

and “ Oil , ill — i — 0 = % ^\l^ab \ -^0^ ('Ff) 

is xiroxiortional to the xmlse strength E^t under exact tuning 

Klkutromagketic 1*AKT 

Dis^iersion and absorxition (or emission) are obtained by treating jiolaiiza- 
tioii P as a coiniilex ixuantity (for A/a — 0 trausition) 

Pe = N{y^^-irJ)iiai, 

(N , l.U(' ileivsity of molecules in the cavity) in the Maxwell equation for li 
ip ina- dE _ 1 ^ ^ in 

{<T liciiig tile conduutivity) Tliis leads to the. two equations in the stationuiy case 


//|/-lr/dsj + iu> = 0 

/ fV-iridz+'^ e = 0 

V n 0 
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wlioro tlio field E in tlic cavity is given by 
E == Ec 6'(/)e'"<, 

— ► 

l<J, being the amplitiide of tlic normal modti ol tlie i:avity, 0 ^ wd^iTrr, wc the 
iiequency of the cavity mode, the volume of the cavity, / tJie filling factor, N' 

tlio flux of moloculoM tra veiling with velocity 7^ 

Denoting A = 


X = ; fV-h’^'dz == /F-1 ill- \ 

0 \ Ojf I 

Y ^ f fV~h‘.^'(Iz^fV-l -^t’(cos 0^ —1) 

0 12^ 

the two e (Illations are 

>c-— a»-vlX — 0 (32a) 


c — io'^A Y — 0 

Dojiibniing these two relations 

-A. y-i tUf‘“ — to" / xE 1 — sin 0 %r{0 jij 


CWb) 


(33) 


iSuiec w e have aig ~ co ^ under actual conditions 
tOf , — to Wj, T 1 — sin 

keiv 

T -- LIv 

Tile iVequciicy shift is then given by 


(o—(Oq — ^^(coc™ cy„) (34) 

The electi'ic field is given directly in terms of the oscillation frequency by the 
deliuitions 

^0^ ... (3.'5) 

V 

•Old 


- 0,/ = = -/^V-ic 

n n 


2 
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Wo obtain 


nv^ 


J V 




(wo— 




Under exact tuning of cavdty 

The ijarameter Ojj itself is determined by tlie second of tlie two Maxwell rolii- 
tions in terms of the flux of molecules N' : 


where 


N' ^ 

JVo' 2(1 -cos 1^^) 

nvv^ 


^0 = 




... (;) 8 ) 


... (39) 


The power emitted under the stationary conditions is obtained by equating the loss 
to gain. Hence 

Power.. 

The energy density W is given by • 

W = e^/STT. 

From (37) averaging over a periodic time we get under condition of exact tuning 

From (38) 

p = ^N'hco{\-co8 0^) ... m 

P can also be obtained directly from r^', since by definition 
P = N'hwbb* - lN'fiw{l-r^') 


(40) is equivalent to Shiinoda’s result (1957). 

SuMMAUV AND DISCUSSION 

The gas has been considered as a system of N independent molecules so tliaL 
tlie total polarisation is taken as N times the individual dijiole moment. Briefly 
the physical I’esults are given by the equations (34), (36) and (40). The explicit 
relations of oscillation frequency, electric field and jiower to molecular flux aic 
pretty complicated but ai'e simple when the former are expressed in terms ot the 
only parameter Oy depending on N' as in equation (38). Approximate cases eau 
be evaluated. 

An exact analytic solution of the two-level problem is possible by the use 
of the spin- 1/2 formalism vdiich is suggested at the very outset by the complex 



485 


forMulisM for two level problems 

coefficients a and h which give tho Cayley-Kloin parameters obeying the normali. 
sation condition. 

The transformation oii/fd by the unitary matrix (3) gives the time-dependent 
state. Under the influence of the radiation the vector (t^ corresponding to the 
ijiitial state of the S 5 ^stem rotates about the origin and acquires the components 
9 j, Tn, given by the transformation 

U(T,^U = J’lO-i-hraOTa-l- ?30-3 

whore IJ is unitary and isomorphic with T. The transformation U is given by 




( VKH^a) (»‘j+?>2)/\/2(l-l-r3j' 






+ h)\ 

~r7)) 


Since , ?- 2 , are also the direction cosines of /t 

rj — cos a, r.) — cos /?, = cos y 

so that 


U = 


008 y/2 

2 cos y/2 

-sinr/2 

2sm7/2 


(41) 


This is the familiar rotation of (t^ throughout an angle y about some axis in 1 — 2 
plane. 

Alternatively tlie system vector can be It^ept fixed and the coordinate system 
rotated by the transformation /Sf-> T involving the independent Euler angles. 
This transformation gives the structure of r in terms of the Eulor angles and 
suggests the solution of the dynamical problem first in a “processional” co-ordinate 
system and then in the rotating system Si,. Thus this formalism involves the 
three familiar representations of the rotation group in two dimensions. 

The matrix T itself effect s the transformation Ta’fT so that the r’s are defined 
in terms of a ,6 and hence the reduced density matrix is rcpresentible as a A^ector 
in spin space. The dynamical problem is to investigate its motion in spin space. 

The forces of interaction appear in the transformation matrix T through the 
pulse strength 0^^ given by (30) at exact tuning 


T-^s 


( cos 6^12 ^ 181 X 10 ^ 12 ' 

— ?’sin^jy/2 008(9^/2, 


1 008 0jfl2-i<ri sin 


(42) 
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^vJiilp tlio I'OHponso of the system is given by the trauaformccl veetor /i Avhosc cle- 
iiients are ( Ik* expectation values of the iinpertnrbed Hamiltonian and the polari- 
zation , 

/ <P>*IN\ I 

' \<P>IN\/tat,\ -<nn>l\Ntiwa 

where < //„ > =- INhoj^r^ and the quantities have to bo evaluated for exact 
tuning < > becomes purely imaginary Tlie emitted power may be obtained 

straight away as a difference of energies < Hq > at t — - 0 and t — t 

A < 77(3 > = — ... (44) 

Tims the spin -1/2 formalism enables one to rei^rosont tlic intm'action process 
as a rotation of about the l-axis through the pulse angle Oy, repiesenled b;\ 
a matiix of interaction. is none other than the KnleT’ angle 0 in (5) 

through v'liich Sjj is rotated relative to 



In tact no explicit reference to rotations in spin space is necessary Tlit' 
leJevant T-matrix can he obtained hy straightforward integration iVom the 
equation 


•in 


(It 


^JIT 


77 being given by (16). I'l ’s are obtained from the transformation. 

Tf){id)T 

it is not surprising that, the spin-] /2 formalism is the most appropriate fm 
the treatment of absorption and emission processes For 


Putting 


^ ^ + j and ^ ^ j == — j , wo simply liavo 


o’lCrhl—fT]’ o'2[=b] = ±^[T] 

Identifying [-[-] as the state of the excited atom and [— ] as the normal atom, 
we note that the Pauli operators rr^ and cr., are essentially ‘transition operators 
changing the ground state atom into an excited atom and vice-versa and play 
the central role in Dicke’s formalism, 
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The gas has been considei-ed as a system of N indepondciiti niolocules so that 
ilio total polarisation is ijakcn as N times the indiAddiial moment. Anothei* 
method of treating the gas is to take the product of tlio T’s (42) for individual 
molecules and obtain a transformation for the whole gas, in Avhioh certain 
macroscopic operators will appear The gas as a system of independent mole- 
cules t\irns out to be a special case. This will be taken up in a subsequent paper. 
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Double-boundary-layer concept in free-convection at 
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Tho (kHiblo-hoiindai’y-laycr-poncopt of Stewarteon & Jones (1957) for froe-conveetion 
nt high PrandU numbers (tr) is oxtondod. By tho method of matched nsymptolic e\. 
pansions it is shown that aerioB-solutiona in powers of o" ^ exist. Caloulatloiia are earrieil 
npto terms 0(a"’). The Nusaelt number is seen to be in an error of 9,5% compared with 
exact eolutiona of Ostrach (1959), for a Prandtl number as low as 1 . 

Introduction 

It. is well-known that, in problems of froe-convective heat transfer, from or to a 
heated surface, the Prandtl number (o') of the fluid medium plays a very important 
role. Mathematically, this role is expressed through tho occurrence of this number 
in the governing non-dimensional partial differential equations. Solutions of 
these equations have been obtained by different methods. One class of solutibns, 
obtained by integrating the partial differential equations by the integral method 
of Kdrmaii-Pohlhausen, has an advantage in that they exhibit the Prandtl 
number dependence explicitly; but at the same time they provide with inaccurate 
results for skin-friction and heat transfer. Reference may bo made to Eckeit 
& Gross (196JI) for examples of this type. On the other hand, Ostrach (1953), 
and Sparrow & Gregg (1958), and others have reduced the partial differential 
equations through similarity transformations to ordinary differential equatioiiR 
Avhich they solved on high-speed computers. A disadvantage of this technique 
is that tho results have to be tabulated for distinct values of the Prandtl number 
A third technique maintaining the advantages of both the methods, vis, the ac- 
curacy and the explicit Prandtl number dependence has been developed by Le 
Fovre (1956), and Stewartson & Jones (1957). In fact, Stewartson & Jones 
in a study of free -convective heat transfer from a vertical flat plate obtained 
solutions for tho extreme case a = oo. They introduced a concept of two boun- 
dary layers, one of thickness 0(o—i/*) in which the temperature difference was 
brought to zero, and one of thickness 0((r'/^) in which the component of the 
velocity parallel to the surface was brought to zero again. 

We shall in tliis paper extend their work and obtain series-solutions in powers 
of cr-1, to terms 0(<7“i), by means of the method of matched asymptotic expan- 
sions (Van Dyke, 1964). Wo shall call the layers the inner and outer layers res- 
pectively. 
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Mathematical fobmulatio 

Free-couvectiou from oi‘ to a uniformly liealetl ,somi-jufinito vertical flat 
surface is governed by the following boundary layer equations 

dw ^ — n 
dx'^dy ~ ’ 


/ Du . du\ dH , 


- ( 1 ) 


dO , dO m 
u - +v ^ = a 
dx dy 

-a == i; = 0, d = »/ — 0, 

tt— > 0, d-> 0 as </-> oc, J 

’\\licj’(^ V are the velocity compoiionts, 0 is the tojiipcjatiiro tlifforeiico 
r is ineasurcd from the loading edge along the plate and y is the distance out- per- 
pendicular to the iilate, the plus and minus signs apply for heating and cooling 
of the fluid respectively, and the other symbols have their usual meanings 
A similarity solution of (1) is given by 


dijf 
~dy ’ 


dijr 
dx ’ 




\vhtjre / and <j) are functions of ?/ alone sati 8 l 3 dng the equations 


... ( 2 ) 


[dvl 


and 


dy 


5^ = 0- 


... ( 3 ) 


( 4 ) 


The boundary conditions are 


= <i = l at v-O, 


0 . 0 


r/-> 00. 


( 5 ) 
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In NEK AND OUTJflK LAYER TRANSEOBMATION S 


Kollowiuj^ Stowaj’t.soii & Joue.s (1957), the approiwiaio tiaii8lbmiatiuu,s an* 
jisHiimed as tolJoxAS . 


--- {3cry^% 

Subsli luting in (3) and (4) we get 

and = 0 


i^) 


(7) 

(«) 


Beyond the inner layer, becomes exponentially small and ~ = 0(o-“‘), Tbe 


df 


translormalioiis arc 


''' dri 


dr) 


<») 


?i = 0, 

w liere y is an arbitrai-y constant to be specified latei’ The equation for F 2 

= 0 ... (10) 


In the* above a prime Jiieans dilfcrentiatioji with respect to the appropriate inde- 
pendent variable oi- it should also be romarked here that the l)oundiiry 
conditions at inliinty aj c redundant for F^ and those on the sui’facc for 


Nenv, applying the Jiiethod of matched as5unijtotic expansioiis no find that 
series-solutions in the following forms exist 


00 

I'\ = S 
<=0 


1 


<]), ^ S (3o-)-«<l)i,, 


... (iJ) 


j 


togothei' M'ith the boundary conditions : 
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Fi„(0)-0, i’'io(0) = 0, J’''„(oo) = 0; ■) 

F.^(0) = 0, r^„(0)^l, Ji’'M(oo) = 0; 

J',i(0) = 0, /’'„(0) = 0, ^’"„(oo) - r»f%„(0); 

ir',^(0)=lim J-xoifij-rei I 

lim F'^iioo) 0; 

y n->oo 

- 0, F\.M = 0, F\,(cc>) =. lim {F\,(0)-}-2yQ; 

^1-^00 (12) 

/V/(0)= lim {-‘ rx,(?i)-r«x-P"«(0)-yVV 

A’'.a(o^') -= 

tl)lo(O) - I- ClJ,o(co) = U; 

(I)^,(0) = 0, (I)n(oo) 0; 

(Di,(0) -0, <I>i,(oo) = 0; 

wluM'e y- — lim i^'io(&) Api>eiidixJ. 

il->CO 

The ('(juatiouB for and <I>’a aro 


= (13) 

l'"'ii-l-4'ix ^ 0. 

l'’"i=-|-®x^+3^\„li’"xo-2(>"x,)“ = 0, (15) 

rx(®io) = 0. (1®) 

rx(a).,)+®V’ix = t>. 

l\(<l>..x)+<I>'x„ii'xx+A’xi®'ix = l>. (I**' 

r,(ir\„)-2(/'',„)“- = 0, (i«) 

r,(J''-n}-4r^i'\t+3FV',, = 0 , ( 20 ) 

rx(i’.xj)-4J’'3„i'’'ss+3Ji'''2o^’a3+3-P’sxl!*’"2i-2(l*’'2i)“ = 0, (21) 

'vlui'o 1\ and To arc the differential oxJcratora, 


r <*“ 1 P 
Tx H-fio-3^, 

ii“ _ d‘ 


U 
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Solution 


Equations (13)-(21), subject to the boundary conditions (12), have been solved 
on the electronic computer IBM 7094II at The Imperial College, London. The 
values of the unknown boundary derivatives required to start numerical oompu- 
tations are presented below : 

r = 0.940347 

= 1.085060, F\^{ 0 ) = -0.700126, F\^{ 0 ) = 0.861980; 

^-3 -0.540229, <t)'ii(0) = 0 245418, O'lalO) = -0 147591 ; 

=0.0, 7^”.,o(0) = l.O, i?’"2o(0)- -1.540791; y (22) 

J?^,^(0) = -0.632131, F'^^iO) = 1.142751, F".,^{ 0 ) = -1.654336, 

F^i( 0 ) = -1.145929, r^^iO) = 2.583852, ^^^(O) - -4.087507. 


Skin-friction and heat-transfer 


Skin-friction is 


proprtional to ^ j 


which is given by 


(~|{ )__^=(3o-)-i/‘[L085-0.700(3(r)-t+0.862(3tr)-i+.,.| (33) 

The rate of heat-transfer is represented by the Nusselt number Nu that is given by 

— —-^7 

\dyh~o 

^ (a- 6?r3,)-i/4j-o.502-0.228(3(r)-H-0.137(3(r)-H-...] ... (24) 


The values of Nu calculated from equation (24) for different values of (t 

are given in the table along with those obtained by Ostrach (1953) 


Table 1 

Values of the Nu {Org) 


a 

Roy 

Ostrach (1963) 

1 

0.410 

0 401 

2 

0.617 

0.507 

10 

0.827 

0.827 

lO'-^ 

1.647 

1 . 549 

UP 

2.600 

2.606 


Remarks 

(1) It is clear from the table that though our analysis has been developed on 
the assumption of a large Prandtl number the values of the Nusselt number 
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compare very favourably with the exact values of Oatrach oven for a Prandtl 
number as low as 1. 

(2) The boundary conditions F\q{co) = 0, Fgo(O) 0 and F'2o(0) = 1 have 
been used by Stowarison & Jones (1957). How^evcr, they have not given a reason 
foj' introducing them. It has boon clear that only through the method of matched 
fas 3 ’'mptotic expansions one can deduce these and tho other conditions. 

(3) The double-boundary-layer concept described here should be appli- 
cable to other boundary layer plionomena in free -convection from or to an iso- 
iliorraal surface at high Prandtl numbers. The author has used it in substan- 
tiating a conjecture of Gebhart (1962) on dissipation effects in free-convoction 
(Roy 1969). 
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Appendix — Matched asymptotic expansion 
Equations (13)-(21) suggest that serie.s exj)ansions in negative powers of 
rr exist. Let us consider tho equations (13) and (19) and assume that for tr = co, 
tlio solutions arc and F^o and that the next terms are K((r}Fii and K{(t)F^^ 
respectively. To find tho form of K{<i) w’c match the solutions for large values 
of and for small values of Thus 

{3cr)-^'*F^{Q for largo 

for small fj. 

Tlicreforc, F^^(Q+K{<t)F^^(Q+... for large 

»r(3(7)l{rj„(y+A»r,i(?s)+,..} for smaJUs ... (Al) 

We now assume that for small f j, Jjo and F^i have Taylor-series representations, 

■^ao = 

fa = 6o-l-6if2+W+- J 

Putting from (A.2) into (A.l), and noting that gj = 7(3 <t)'*C„ we get 

+A(or){6o+y6i(3o-)-lfi+7*6s(3<7-)-*f, »+...}] as £,->oo 


(A.3) 



494 


Sreedhan Roy 


(A. 3) shoAVR that 

(i) fiQ — 0, Riiice cannot boliavo as as co, and (ii) J({(r) == ( 3 < t ) ' 1 . 
Thorcecling in this way it is seen that the third term is proportional to 
and so on. Further, from (A. 3) we get, 

^ (a.4) 

as C30 

whore Foo — ro-hri^2+--- as f 2 “> 

P'l'ojn (A. 2) and (A.4) the boundary conditions for and at — ctj and 1ho.sc 
for Fon and F^i at f 2 ~ 0 folloAv An ext-ension of this matcliing tecliniquo lead,'* 
to the rest of the boundary conditions. 
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Lattice properties of heavier halides’*"* — I 

By D. C. Gttpta and M. N. Shabma 
Department of Physics, Liicknoio University, Lucknow 
{Received 15 Sepiemher 1970) 

Tlip appi’opriaienosa of Born’s thoory as appliocl to lighter alkali halitlu.s nnil molopulos 
hus boon fiu'thor mvofitigatert by oonsitloring heavior ionio crysUils using a motlifiod 
Born potential energy function. Tho vnluoa of index of repulsive potential, ii, tho 
rrpnlaivo force parameter A, lattice energy, coinproasibility and thermal expansion have 
been calculated and necosHUj'y equations derived. The comparison of the experiment wit.h 
theory reveals that the present simple and direct approach using inodifiorl Roin model 
IS quite stttislaotoi'y t o represent various lattice properties. Also tho comparison of tho 
results with those obtained employing other models estabhshos the superiorit.y of the 
modified Born model 


iNTRODtrOTlON 

Born (1923. 1927) luis formulated a ilieory to desciibc ike various properties of 
ionic crystals and molecules on the basis of a very simple form of the function 
(‘xprossing interaction potential energy. The correct representation of tho poton- 
I'inl energy of a set of ai oms as a function of tho interatomic distances is of funda- 
iiKuiial importance, ft is well known tliat the interaction energy of an ionie 
crystal, in addition to Coulomb energy, consists of terms involving attiMctive and 
i'(‘pulsive energies In an ionie crystal the charge distribution on eaeli ion lias, 
aiqircrximatcly, splicrical symmetry and they interact according to central foi'cc 
Jaw Tlius it seems reasonable to assume that ions of an ionic ciystal arc ol the 
same electronic structure as the molecules of an inert gas, possessing overlap 
iMieigy (and Van der Waals energy). 

The forces of interaction between ions lead to the formation of tho molecules 
and crystals and at tJie same time help to determine their properties, loi ionic 
riystals the behaviour of the forces of interaction was studied by Mie (1903), 
Orimoiscn (1912, 1926), Born (1923, 1927), Born & Mayer (1932) and at a later stage 
hy Cubicciotti (1959, 1961), Sharma & Madan (1961, 1962, 1964a, 1964b), Saxena 
(‘I dZ(J964), Kttchliava & Saxena (1965), Gohel & Trivedi (1967). Gupta & Sharma 
(1969), Chatierjee (1963) and others and has been summarised by Kittel (1956) 
aucl Born & Huang (1959). In ionic crystals the interaction consists of (i) an 
electrostatic term, giving the largest contribution to the total lattice energy (ii) 
repulsive term (iii) multipolo interactions, like dipole-dipole and dipole-qua- 
(Irupole interactions, which though small must be taken into account for the sake 
'>1^ completeness and (iv) zero-point energy. 

■'"A prolimiuary note has been published in Indian. J. Phys. 43, J68 (1969). 

*Work supported by tho University Grants Oommission, India, 
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Many of the properties of liquids and gases have been explained in terms of 
a commonly used interaction energy function, such as Born potential energy 
function This (mergy function is strictly true for spherical molecules. Thus 
it is possible to explain a number of properties of ionic crystals on a common 
basis with the help of this potential energy function . Tt is reasonable to assume 
that if ive also consider the multipolo interactions and zero point energy in con- 
junction with this potential model (modified Born model) better results may ho 
expected and such an analysis will lead to considerable success. 

Now taking into account all the above interactions, the energy of the crystal 
per unit cell may be expressed as : 


V5r(r) 


afiS A C D , 

— 4*— — g 

^ *f^7h i-H 


... (]) 


where ol is the Madelung constant, e the electronic charge, r the equilibrium inter- 
ionic distance, A the repulsive parameter, the dipole-dipolo interaction parameter, 
D the dipole -quadrupole interaction parameter, e the zero-point energy and ?? 
the index of the repulsive term 

At this juncture, it may be mentioned that the two typos of repulsive fiinc- 
tions in vogue ai'e an exponential variation with distance and a simple inverse power 
variation with distance. The results of quantum-mechanical calculations favoxir 
the exponential form which is more cumbersome (Cubicciotti 1969, 1961), whereas, 
the inverse power form has the advantage of greater simplicity ( Chatter jee 1963) 
The exponential form has been used by Born & Mayer (1932), Huggins (1937), 
and Cubicciotti (1959, 1961), for lighter alkali halides and by Bleick (1934), Mayer 
(1933), and Mayer & Levy (1933) for heavier halides. It is, therefore, worthwhile 
to find out whether the simple inverse power law is equally satisfactory for ionic 
crystals containing heavier ions as less work has been done on these crystals 

In the present work, the inverse power form of repulsive term has been adopted 
and it has been shown that this modified Born potential energy function, too. 
is equally satisfactory for metal halides. Besides having the advantage of simpli- 
city, its justification lies in the fact that the intorionio distance between tw^o ions 
remains nearly constant being near the value at the potential minimum. 

Determination oe Potential Parameters 

The well known equilibrium relations, based on certain assumptions by 
Hildebrand (1931), about the energy of a lattice are .■ 


/ ^ 

ZvT t 

1 

dv \ 

\ dr , 

Ir-r P ( 

. V 

dT }. 



( 2 ) 


... ( 3 ) 



where 
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Fn. „ = 1 + ^ / M \ -4- IL / \ I \ , 2r / SF \ 

’ \ dT fFV\ dT }p ( dP )i^ 3F ( dT )r 

^ ia the oomprOBsibility, >8 the thermal expansion cooflioient and v is 


ilie volume oi the unit cell and is given by «; = h'^, where k is the structure 
constant depending upon the type of crystal lattice. 


(a) The power of repulsive potential 

Combining equations (2) and (3) with equation (1) one obtains, 


QG HD Ur^T ( I dV \ 

r ?■« r8 /jf \ V dT I , 


— 1 


... (4) 


From an analysis ol the crystal structure data, accurate values of the lattice 
constant are available from which, using the appropriate structural relationship 
lor different cubic lattices, the nearest neighbour distace r can be obtained. These 
observed values of r can be substituted in equation (4) to determine the constant 
n, if we have akuow ledge of C and D from other sources. The first term in the 
numerator and the last term in the denominator are only in the nature of a cor- 
responding term in which exporimciitul values may bo used for any selected tom- 
peraturo. if the experimental data for the coefficient of volume expansion, tlio 
eoniinessibility and iiitorioiiic distance be used, tlic value of n can be computed 
1 rom equation (4) . These value.s of n for several liea vicr halides have been reported 
in table 1. The experimental values u.sod for CuCl, CuBr and Cul iverc obtained 
from Mayer & Levy (1933), for AgCl, AgBr, AgJ, TlCl and TlBr have been taken 
from Mayer (1933) and for NH^Ol and NH^Br from Blieck (1934). 

(6) Repulsive parameter A 

Once tho values of the index of the repulsive term, n, have been evaluated 
using equation (4), the potential paramet-ers can bo evaluated by using the expen- 
ineiital data for different crystal properties. 

From equation (1) we at once get 

A = r»f ... (6) 

Also, combining equations (1) and (2), wo obtain 
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and from oquatioiis (1) and (3) we get 


A = 


r Qkr^ 




■ —+42^-1-72 ■? 


Table 1. Potential paiameters 



n 



A 


(JiynUil 

EqM) 

Soitz 

(1940) 

Eq (5) 

Eq (6) 

>^4(7) 

('u(1 

‘1 455 

9 000 

5 319 < 10- 

7 119 X 10- 

7 J19,.l0-“^“i 

C'uUr 

!) 704 


0 854 ,10- “5-03 

1 . 351 X - 

1 351)c10-“‘5-i*3 

C'nl 

12 020 


0 816x lO-ioi^'i® 

1 .835x 10-^““ 

1 836 X 10-1““ 

Akcm 

10 009 

9.500 

5 973 X 10- 

6.962X 10- 

6 952% lo-BK-iiT 

Agiix 

10 250 


0.938 X 10” 

1.228> 10-““““ 

1 . 228 X 10- 

Afil 

10 260 


0 762x 10-“"-“® 

9. 822 X 10- 

9 822x10-“““' 

TIC'I 

H 590 

10.500 

6.940- 10- 

8 052 < 10“ 

8.062,. 10- -7- 

TlJ3i' 

S 85:i 


1 239 X 10- '^''•“2 

1.409X10- 

1 409x 10- 

NHiCl 

S HI i 

— 

— 

8.189 V 10- 

8 189, 10- 

NHiBr 

s o i:i 

-- 

- 

9 77Ux 10- 

9.770, 10-77 1 


The values of A liave been (soiuputed separatelj^ froju equations (5). ((>) and (7) 
It is seen from table 1 thai. there is a good agroeineiit. in the values of the ropul&ivi' 
jmranuder A obtained by using the value of C from optical data and those obtained 
by using tin? exporinicntal A'^aluos of the lattice energy. 

Ceystal properties 

(a) I tderacHon energy 

Using the expressions (1), (0), and (7), the values of the interaction energies 
have been calculati^d and presented in table 2 along with the experimental values 
for the sake of comparison. 

The lattice energy can also be calculated using experimental values of rcst- 
strahlen frequency v^^. This method is supposed to be more realistic and accurate 
as this involves only two measurable quantities, Vp and dielectric constants at 
static and high frequency regions. If wo take the polarization of ions into consi- 
deration the equation for force constant can be written as 


^ (eoo+2r 


( 8 ) 
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Tablis 2. Lattico energy and compressibility 


(Ji'yeto,! 


\ir(»*) (K cal. /mole) 


Calculated 

/?(xio- 

bai's*^) 

Observed - 

Theoretical using oq. (1) and 

Theoretical 
Obsorvcfl Using 
Equation 
(12) 

A from 

Eq (6) 

A from Eq. (11) 
Eq(7) and/ 

from Eq. 
(8) 

e« a/(1964) 

UiiCl 

221.9“ 

213.6 

213.6 

209.7 

211 .0 

2.51“ 

4 13 

C-uIir 

210.0“ 

204.4 

204.4 

196.9 

201.9 


- 

Cul 

213. 4« 

109.6 

199.6 


195.6 

— 


AgCl 

205 . 7«» 

200.4 

200.4 

211.9 

197.5 

2 40" 

3 20 


201 . 8'^ 

193.8 

193.8 

204.6 

190 2 

2.75" 

4.66 

Agl 

199 0" 

188.0 

188 0 


183.9 

— 

- 

'I'ln 

170.1*' 

164 7 

164 7 


101 5 

4 . 90" 

6.80 

'PiBi 

165.0" 

161.2 

161 2 


167 6 

5.30" 

7 03 

NHiCl 

— 

160 . 0 

160.0 


— 

-- 

- 

NH4D1 

— 

152.4 

162.1 



— 

— 

' Mayer & Levy (19311) 

" Mayor (1933) 





whore fi is the reduced mass per ion pair, Cq and 6^0 static and high frequency 

(lieleotric constants, respectively. The experimental values of force (lonstant 
c'lui be computed using equation (8) if wo have a knowledge of experimental values 
ttl’ c„ and The force constant / can also be written as 

/= 1 [^"(ri)+A,5'(r„)] (9) 

u L '0 J 

wiiere and are the first and second derivatives of contains the 

rest of the energy ^f{r) of oquation (1) except the electrostatic term (— ac^/r)|. 

Using equation (1) for (t>{r) and oquation (9) m'c at once get 

/ = J- [ A .’lArA — 30 % -56 ^1 (10) 

Now substituting for from equation (1) in c(piution (10) and solving lur 
>M>) we get 


[■ J ]+c„- “A 


( 11 ) 


4 
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The values of / determined from equation (8) have been used to compute the 
thooreticiil values of ^p{r) on the basis of oquation (ll)and are presented in table 
2 only for a few crystals, which vei ify the suitability of this method. 


(b) Compressibility 

From the knowledge of A, O, D ami tlio lattici? cne^g 3 ^ vve can derive the 
crystal coinjnessibility which can be compared with tlic observed values. 

Llsjug equation (3) and solving for Ji, wc get 


A 


- 7" +n{n+l)~-i2 ^ -72 


( 12 ) 


Equation (12) enables us to cornjmio /J on substituting the value of A from 
ecfuation (5) and the values of O and D from oxitical data. The values ol /?thuK 
obtained are given in table 2, where they have been conii)arcd with the experi- 
mental values of the ciystal compressibility. 

(c) Goejjicknt of thermal expatmou 

In a crystal lattice, the ions (Oscillate about thoii* equilibrium positions and 
their amplitaidcs increase with tcinpcraturo Hummel (Hi50) on this basis has 
exjilained the thermal expansion as due to the .sliifting of equilibrium positions of 
oscillating ions when thcir amplitudes become siilliciently large. In view o/ the 
effect of ionic vibrations on thermal expansion of solids, many workcis have 
correlated this property with vibration characteristics of ions. Woyl (1955), 
Avhilc discussing siinjilc cnbic crystals, has pointed out tlia t.cxpansivitj'^ should 
increase with increasing polarisation of ions 

In the pre,sent work, the v'alues ol coefficient of thei mal expansion on the basis 
of equation (1) have been calculated in two difforenl ways We shall take up 
these methods one by one. 

{A) Dividing equation (2) by equation (3), Ave get 


» (dt jrldr) 

rT 


and, for tho modified Born ijotontial, equation (13) yields 


a, = --liT 


-f'- ■ 


rafi2^ nA 

[ 7 


Z' 


r 


-1 n{n 


1 ) 4 - 


-^-41 


In the last equation 

ZcN,-\~ZaNa 


(13) 


(H) 
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where Nc and Za, Na are the charge and number of the cation and anion, 
]*espectively. This term has been introduced to account for the polarisation ef- 
fects. The values of a,, calculated from equation (14), using the values of A 
obtained from equation (7), arc prcisentcd in table 3 along with the exporiniontal 
values. 


Table 3. Coefficient of thermal expansion 


Crystal 


0 Lv( X 10“® per degree) 



'riioorotical using 



Obfli'ivnd 

Kq (14) 

Eri.(17) 

Kiiinar 

(1959) 

CiiCl 

(15.40 

66.76 


CuBr 

02.10 

62.30 — 

- 

Cul 

73 50 

73.46 


AgCl 

OS . 74 

08.73 

124.. 36 

04 41 

AgBr 

104,50 

104,38 

132 87 

95.34 

Agl 

113 30 

113 48 — 

-- 

TlCl 

153.80 

152.83 

181 22 

165.40 

TlBr 

HiO 40 

109,80 

- 

NHjCl 

142.00 

141 GG - 


NHjBi 

161 00 

161 57 

- 


(B), Kumar (1959, 19G0) has developed a .simple method for calculating the 
coefficient of thermal expansion. According to him, 


(Xv 


= (S)Rr)- 


(16) 


where Cp and B are the specific heat at constant pressure and cohesive energy per 
mole, respectively, and Z is the same as in equation (14). 

A more general form of equation (15) is 


a*, = — 


3Cp r'(ro) 
2ro mr,)f 


Z^ 


(16) 


where is the dnterionic equilibrium separation distance, and refer 

to values of third and second derivatives, respectively, of ^{r) at r = r^. 
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Thus iisins^ equation (1) and substituting for and S®** 

[ « -»(n-|-l)(nH-2) i -|-336 J +720 


a,, 


a L 


[-2v+’'(™+l)i-‘^2#-’2j]* 




( 17 ) 


Using calculated values of A from equation (7), has been computed only 
for AgCJ, AgBr and TICJ because for other halides the data for Cp is not available 
in literature. 


Discussion 

The potential parameters n find A for the simple modified Born model have 
been tabulated in table 1 . F\n’ a single crystal we get three different sets of poten- 
tial parameter A calculated fi om the throe conditions. The use of these pai ameters 
to calculate lattice properties will throw some light on the accuracy of experimental 
(lata used and the assumed potential model. 

The present values of repulsive index n agree well with those reported by 
Seitz (1940). The difference is mainly due to the lattice conditions used (equations 
(2) and (3)) and data taken and also due to additional terms, i,e , dipole-dipole 
and dipole- quadrupole interactions. These interactions should always be coiiri- 
dered especially in the case of heavier ions (Born & Huang 1954). 

Table 2 gives the values of interaction energy calculated for two sets* of 
potential parameter A (equations (6) and (7)). It can be seen that the results obtained 
are in excellent agreement with the experimental values The theoretical values 
of ^(r) computed from experimental absorption frequency data compare fairly 
well Avith the obserA’^ed values. The present values of ijr{r) computed from ecpia- 
tions (6) and (7) arc in much bettor agreement than those calculated by Saxeua 
et al (1964) using exponential energy function. It is, therefore, clear that the 
inverse power repulsive form can be used to describe successfully all the classical 
(effects associated Avith ionic crystals. The authors anticipate that, if a more 
accurate A^aluc of be used in calculating the interaction energy, still bettor 

agreement Avith experiment can be obtained. 

The values of the compressibility presented in table 2 are fairly accurate 
and are nearly of the same order as the experimental values. 

The thermal expansion values of the crystals calculated from equation (14) 
along Avith the experimental values have been presented in table 3- The table also 
includes values of a„ calculated from equation (17) for AgCl, AgBr and TlCl 
and also those reported by Kumar (1969) for these crystals. Values for other 
crystals could not be given due to nonavailability of experimental data. The 
present values from equation (14) agree excellently with the experimental values 
and arc better than those of Kumar. However, values calculated presently, 
from equation (17) folloAving the method of Kumar do not give as good results 
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for obvious reasons. The agreement between the observed and the theoi’etical 
values thus confirms the essential correctness of the theoretical modified Born 
potential energy model for the ionic lattices, 

[ii view of the simple calculations and the direct approach, it can easily bo 
soon that the modified Born model represents excellently some of the crystal pro- 
perties reported here and jnay bo considered in preference to the cnml)orsonie 
models having involved calculations. 
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The emission spectrum of indium monobromide 

By A. Lakshminarayana akd P. B. V. Harnath 
Spectroscopy Laboratories, Physics Departmmt, Andhra University, 

Waltair 

{Peceived 23 September 1970 — Revised 26 Febrmry 1971) 

[ Plate— 12-13 ] 

Tho p-mishioii band .si)ot5trum ol indmm monobromicU’' ib cxcitod in a radio frequi-nr-v 
diMohai'po from u l/2lciv oHcillator Photographs of tho spectra rocoidod iti tho fiist 
oi’flor of 21 ft concave gi'ating RpectTograph revealed many more new bands m tho region 
A39SO-A:166oA, whom two band Byatcms .4 and B wore rcjjortod earlier in absorption 
Vibrational analyses of these two band systems are considerably extended to mcludc 
all tho now bauds observed in the present invostigalion. Tho following vibrational for- 
mulae are derived for ihe P heads of In’^^Br molecule. Tho two sub -systems are found 
to be the components of lihe^no,i--X'il+ trniiBition of tho InBr molecule, 

System A 

V = 26595 00+229 2(i)'+l/2)-l 42(v'+ W-223 l(i)" |-l/2)4 0.50(7/'+ 1/2)= 
Si/stcm B 

V - 27379 44+225 0(7;'+ l/2)-1.53(7i'+l/2)2-223.0(u"+l/2) + 0.69(7i"+ 1/2)= , 

I>ttRODTTCTION 

Tlio emission band spectrum of JnBr was first reported by Patrikalii & Hoeliberg 
(1033) to consist of a series of bands extending in tlie regions A3980-- A359oA 
and A3050— A285oA. Later VVchrli & Micscher (1934) studied tlie absorption 
spectrum of InBr in the 2nd order dispersion of a 3*nief or grating. The bands in 
the region A3050— A2850A wore designated as system 0 The discrete bands in 
tlte region A3850--A3560A were analysed as belonging to ttvo sub-systems A and 
B and attributed to ^Hn— ' and transitions respcctiyoly of InBr 

Following our recent work on the analogous triplet systems of AlBr (Lakshini- 
narayana & Haranath 197()a) and All (Lakshminarayana & Haranath 1970b), 
it was thought worthwhile to re-iuvestigate the emission spectrum of InBr in 
higher dispersion with the object of gaining more information on the vibratioJial 
structure of these band systems The results of the present investigation arc 
described here 

Experimental 

Pure indium metal pellets arc spread inside a translucent silica discharge 
tube provided with a side tube at one of its ends. A small bulb containing fuming 
liquid bromine is connected to the side tube through a stopcock. In order to 
regulate the supply of bromine vapour the tube bulb is immersed in a suitable 


604 



The emission spectrum of indium monobromide 505 

low tomporaiuro bath. The other end ot the disclxarge tube which is dra\Au into 
•111 adapter is connected to a high vaceum pump through a liquid air trap. The 
tube is excited by RF discharge Ij’oni a 500 watt oscillator opcj'ating at 30'40MHz. 
AVhcJi a j'cgulated supply of bromine is pas.scd over the heated metal a charac- 
t(M’istic bhiish discharge is observed Photographs of the spoctj'imi are taken on 
llilgor Ej Quartz Littrow spoctrograph and in the first ordcu- of a 21 ft concave 
grating spcctrogriiph (dispersion 1.25A/inm) Kodak 103-a0 plates an^ used 
to record the spectra in the first order of the grating spoctrograph giving an 
exposure of one houi- duration 

Results ai>‘d analysis 

Wehrli & Miescher (1934) reported the vibrational analysis of the bands of 
Iiillr in tilie region A3850 — 3560A as belonging to two snb-ftystems designated as A 
and B The bands of system are observed to be single' headed (P heads) and 
attributed to ^Ilo— ' transition while the bands of system J3 were obsei'ved to 
bo double headed (P and Q) and attributed to a “iri— transition When the 
spectrum was excited in a radio frequency discharge from a 500 watt oscillator 
it was found that systems A and B were moi“e extensively dove.loped than in 
absorption. About 240 bands could be observed in both the systems as against 
110 bauds observed in absoiption The f-wo systems photographed in the first 
order of a 21 ft concave grating spectrograph arc shown in plate 12, figure J . It is 
oliserved that the higher scipiences belonging to both the systems wei o very well 
developed in the present emission photogiaphs 

Syslam A. The different sequences of system A were identified as shown in 
ligiue 1, Of these, the bands of sequences Av = —3, —4, — 5 and —6 are newly 
obtained in the present work In addition some ugav bands belonging to the ot-hcr 
scqiu'iices wore also observed. As the bands are degiaded lowaids shorter waA-^e- 
lengtlis the heads arc identified as P heads These P heads Avere observed to bo 
double duo to the bromine isotope effect The folloAving vibrational formula Avas 
derived for the P heads of Tn'^®Br molecule 

I. = 26595.00H-229.2(v'+l/2)-1.42(i;'-|-l/2)2- 223.1(i;" + l/2) 

+0.56(v"+l/2)!* 

"flic vibrational assignments and wavenumbers of the additional bands observed 
Jn the present work of this system are shown in table la. The agreement between 
the observed and calculated wavenumbers using the above formula is found to 
ho satisfactory as shoAvn in the last column of table la 

System B. The different sequences of system B Avore identified as shown in 
hguro 1. Of these, the bands of soquonoos Av = —4, —5, are newly obtained in 
I'hc pi'osent work. In addition some more now bands belonging to other sequences 
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were alHO obaorvod. The bands of this system which are degraded to shorter wave- 
leiigiliM are observed to be double headed consisting of P and Q Jieads. The P 
heads are sliarj) and lino-like while the Q heads are broad and diffuse. 


Table la. The newly observed bands in system A of In”*Br molecule 


Wavenumber 

Intensity 

Cla^sifioation 
v', v" 

Vubs — Vtifll 

cm-^ 

25321.2 

1 

6. 11 

-0.4 

25609 6 

1 

1,6 

-0.2 

25517.4 

o 

2,7 

-0.6 

26523 . 9 

3 

3.8 

-O.C 

2552R 7 

3 

4,9 

-0 6 

25631.9 

1 

5,10 

-0.5 

2672G.2 

2 

1,6 

+ 0.1 

26733.4 

3 

2,6 

+ 0 2 

25738.3 

4 

3,7 

-0.3 

25741.8 

0 

4,8 

-0.5 

25930.2 

4 

0,3 

1-0 2 

25943 S 

5 

1,4 

+ 0.2 

26727 1 

3 

13,12 

-2.1 

26824 5 

9 

1,0; 4,3 

-1-0.3 

20S26.9 

S 

2,1; 3,2 

-0 3 

27044 3 

6 

4,2 

+ 0 3 

27046,8 

0 

3,1 

-0.2 

27048.0 

7 

2,0 

-0.3 

27187 8 

6 

11,8 

+ 0.1 


Under the liigh dispersion used in the present work (1.25A/mm) the bands 
of -- +1 and +2 sequences were clearly resolved down to low values of 
?/ and v'' as sliown in figure 2 (plate 13). According to the present vibrational 
analysis, the viln ational asaigmiients of bands in the Av = +1, H'3 sequences an 
reported by Wchrli & Micscher (1934) have to be increased by two units and m 
Ai; = 1-3 sequence by one unit, both in the upper and lower states. The detailed 
classifications of tliese bands in the Au = -j-l and -f2 sequences aro shown ni 
Plate 13, figure 2. Those vibrational assignments were confirmed by a detailed 
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figure 1. A and H systems of InBi (21 ft concave grating spectrogram) 





343g -2, 



The (1,0) sequence ol s\stem f> of TnBr 
The 1 2,0 sequence of s\stem B of InBr 
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istufly of the bromine isotopic effect. The following now vibrational quantum 
formula for the P heads of In molecule is derived ■ 

- 27379 44+226.0('y' + l/2)~1.53(u'+l/2V-‘ 

-223.0K+l/2)+0.59(v"+l/2)2 

tVoin tlic present analysis it is observed that as m system A v bile 

according to the analysis proposed by Wehrli & Miesclicr w/ < w/'. The vibra- 
tional frequencies of and lev^els are close to eacli other as expected for the 
coinponents of a ^11 level. 

The wavenumbers and their vibrational assignments of P, Q and Q' heads 
of the m'-v-ly observed hands of lu’®Br molecule of this system arc given in table 
Ih A peculiar feature of this system is that in the Ar — -f 3, -|-2 and +1 se- 
(jui'iiccs the bands arc degraded to\\’ards longer wavelengths while the sequences 
.u(‘ degraded to shorter wavelengths. It is observed m .some hands with high 
\ allies of ?/ and ?/' that the Q brunch tends to form another head which is 
degraded to longer wavelengths as shown in figure 2 Tln^sc heads arc classified 
as fif heads in table lb 

As can bo seen from the figures 1 and 2, the band heads exhibit \Aell-rcsolved 
bromim' isotope effect. The observed shifts of the baud heads due to the ln*^^Bi 
ji)idt'(‘ulc fjom those of the slightly more abundant lii’’*Br molecule, agree uell 
with those calculated as can be seen from table 2 This isotope study confirms 
I lie jircsent chiingos in the vibrational assignments of some of the bands. 

By analogy with similar baud systems of the related molecules Jiil\ JiiCl 
tlu^ eoininou lower state of the tvo sub-systems is identifii'd as gi-ound state 
.nismg Iroin the coufiguratiou 

. ..{:i(T]%y<r)-{w7r)^{xo-)-. . . . 

lUid the uppci- ^rioo sfatos to the following excited eonfiguratioii 
...{zafiya-fitimYixa-) {v'n)..A\\r, ^ 11 . 

1)1' tiie InBr nu>lecule. Thus the two sub-systems of the InBr molecule may be 
ilesiguated as a systems. 
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Table lb. The newly observed bands in system B of In’®Br molecule. 


avenumbei- 

cm”^ 

Intonsity 

Classification 
v', V*' 

Band Hoad 

VobB — Vcaf 

cm“^ 

2C292.0 

2 

2,7 

P 

-1.1 

26505.9 

2 

1,6 

P 

+ 1.1 

26723.8 

2 

2,5 

P 

+ 0.1 

27 632. C 

4 

9,8 

Q' 


27658.4 

3 

7,6 

W 


27603.6 

3 

7,6 

Q' 


27669.2 

6 

6,5 

P 

+ 0.6 

27671.9 


6,5 

Q 


27574.0 

2 

6,5 

Q' 


27681.6 

2 

5,4 

Q 


27588.0 

5 

4,3 

P 

+ 0 3 

27690.1 

3 

4,3 

Q 


27594.5 

(( 

3,2 

P 

+ 0.1 

27596.4 

2 

3,2 

Q 


27699.3 

7 

2,1 

P 

H-0 ] 

27602 . 2 

8 

1,0 

P 

0 

27749 7 

2 

9,7 

Q' 


27767 9 

1 

8,6 

Q' 


27788.8 

3 

6,4 

Q 


27793.7 

1 

6,4 

Q' 


27797.0 

6 

5,3 

P 

+ 0.6 

27800.) 

3 

5,3 

Q 


27809.8 

2 

4,2 

Q 


27814.0 

2 

3,1 

Q 


27816.2 

6 

3,1 

P 

+ 0.2 

27821.0 

7 

2,0 

P 

0 

27822.7 

2 

. 2,0 

Q 


27964.5 

2 

0,6 

P 

+ 0,2 

27975.9 

2 

8,5 

Q 


27993.0 

2 

7,4 

Q 


28007 . 7 

3 

6,3 

Q 


28019.8 

3 

6,2 

Q 


28028.0 

0 

4,1 

P 

-1-0.2 

28030 3 

3 

4,1 

Q 


28036.8 

5 

3,0 

P 

0 

28039.0 

3 

3,0 

Q 
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Table 2. Bromine isotope effect 
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Shift (om' 
Obs. 

“0 

Cal. 

v % v " 

Shift (cm-^) 

ObH. Cal. 

System A 






5,11 

9.4 

9.2 

4,3 

1.0 

1.5 

1,6 

7.6 

7.8 

3,2 

1.6 

1 6 

2,7 

7 4 

7.7 

2.1 

1.6 

1.6 

3,8 

7 1 

7.7 

1,0 

1.6 

1.6 

4.9 

7.3 

7.6 

12,10 

1.7 

1 5 

5,10 

7.6 

7.7 

11,9 

1.7 

1 0 

1,5 

6.2 

6 3 

10,8 

2.1 

2.0 

2,6 

5.6 

6.1 

9,7 

2.4 

2.3 

4,8 

6.3 

6 2 

8,6 

2.4 

2.6 

0,3 

4.8 

4.8 

7,6 

2 6 

2.7 

1,4 

4.8 

4.7 

6,4 

2.9 

2 9 

2.5 

4.8 

4 7 

6,3 

3.1 

3.0 

3,6 

4.5 

4.7 

4,2 

3.6 

3.1 

0,2 

3.3 

3 2 

3,1 

3.2 

3.2 

1,3 

3.2 

3.1 

2,0 

3.2 

3.3 

2,4 

3.0 

3.1 

11,8 

3.2 

3.3 

3,6 

2.9 

3 1 

10,7 

3.6 

3.6 

4,6 

2 9 

3 1 

9.6 

4.2 

3.8 

0,1 

1.6 

1.6 

8,6 

4.3 

4.0 

1,2 

1.6 

1 5 

7,4 

4 3 

4.2 

2,3 

1.7 

1.6 

6,3 

4.6 

4.4 

8,7 

1 1 

1.0 

6,2 

6.0 

4 6 

7,0 

] .6 

1.2 

4,1 

4,7 

4 7 

6,5 

1 6 

1.3 




6,4 

1 3 

1.4 




System B 






2,7 

7.1 

7.8 

8,6 

2.1 

2.2 

1,6 

0.8 

6.3 

7,6 

2.4 

2 4 

1.4 

4.9 

4.8 

0,4 

2.7 

2.0 

2.6 

4.7 

4.7 

5.3 

2 9 

2.8 

0,2 

3.4 

3.2 

4,2 

3 2 

3.0 

1.3 

3.3 

3.2 

3,1 

3.1 

3.1 

7,6 

1.3 

0.9 

2,0 

3.3 

3.2 

6.5 

1.2 

1.1 

9,6 

3.8 

3.4 

6,4 

1.2 

1.2 

8,6 

3.3 

3,7 

4,3 

1.6 

1.4 

7,4 

3.7 

3.9 

3,2 

1.3 

1.6 

6,3 

4.3 

4.2 

2,1 

1.6 

1.6 

6,2 

4.6 

4.4 

1,0 

1.6 

1.6 

4,1 

4.6 

4.G 

9,T 

1.6 

1 .9 

3,0 

4.8 

4.7 
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Reliability of anode as a reference point of probe 
potentials in dc gas discharge 

By D R. Gupta and G L. Gupta 
Department of Phyfu'M, Univeraily of Jodhpur, Jodhpui 

{Jieceived 17 November 1970) 


Jjanffiniiir (1923) dovoloped the theory for a plane probe (it ean as well be applied 
to ,'i eyliiiflrical probe) and he used it foi the study oi'the plasuia of gas discharge 
(SPM). When the probe is given suflficientlv negative potential Ihc electron eur- 
roiit to the probe [ip) under a retaiding potential v e ( V~ Tj,), across the posit ive 
loll sheath is given by 




TM 


( 1 ) 


Ni'liere is the random plasma electron current t<o the probe, V the i>vohe potential. 
Kj, the plasma potential at the point, k the Boltzmann's constant, e the electionic 
(‘hai'go and Tf the electron temperature in degrees absolute. Hence, ve have 


logio^^ ~ constant— 


eV 

kT, 


( 2 ) 


Tims, the semi-logaritlnnic plot of electron current (/j,) probe voltage (T) is a 
straight line; the temperature Te of the electrons in the plasma may be determined 
1‘roin the slope, efk Tg of this line. But in practice the probe voltage is generally 
roforred to one of the electrodes of dc discharge tube (usually the anode which 
could be called the reference electrode). 

The position is entirely different in the case of hf discharges The elec- 
trodes cannot bo used as references in view of their altcniatiug potentials Morc- 
ovoi', external electrodes are used for exciting the discharge. Thus in order to 
use probe method in hf discharges, it is necessary to introduce an additional 
electrode, anti-probe (Aj,) as termed by Beck (1935). Beck and others (1952) 
iiave recommended that an anti-probe with large collecting area bo used to enable 
^huly of broad spcctinim of electron velocities. 

Johnson & Malter (1950) have described a ‘double probe’ method (DPM) 
'diich is very similar to the use of an extra electrode as tho anti-probe for hi 
discharge, Tho method has been amply used by Kojima (1953) and others lor 
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thn stndy of Jif diachargea. From the theory of the double probe method we get, 

log, f 5^ -1 1 = -?lF«+loge f ^ ... (3) 

\. f>p j L ^'op J 

putting r = —1 and cr ^ 

HP 

wo have, log^ T = login ^ (4) 

whore 2/ is the total i>ositive ion current to the probe system, (ji is elJc. 1\,V^ 
tho differential voltage a^iplied to the system, Fg the difference in potentials 
between tho plasmas surrounding P and Ap, ip the electron current received hy 
the probe Thus the plot of logjoF against Va is a straight line whoso slope is 
elk.Tf, from which the electron temperature can be determined. 

Experiments have been carried by Gupta (1956) in dc plasma of neon gfis 
in the pressure lango of 3.6 to 07 x mm Eg using a tungsten wire probe of 
length 3 45 cm and diameter ().22mm. Observations are recorded for probe cur- 
rents (?) by varying proble voltage (F) for different values of discharge currents 
and voltages A sample characteristic is shown in figure 1 for the gas pressure 



Figure 1. Graph showing probe potential V vs probe current ijp. 

0.096mm with discharge current of dOmA and voltage 50V. The electron current 
ip to the probe at probe potential F is determined by adding the value of Ip (positive 
ion current to the probe as read from extrapolated line BG) to the actual value of 
probe current ip at the corresponding voltage. Figure 2(a) shows the corresponding 
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sample plot of log^y ip—V curve which is fairly linear hut bends near —13.5V 
giving the value of the space potential. From the slope of the line the electron 
temperature has been calculated and found to be 45,000°K. 

Now we apj)ly DPM theory to our system considering the anode as anti -pro be 
of the double probe system. The values of total positive ion current to the probe 
system, S/ for different values of probe voltages are found from ligurts 1 by 
reading the total current between the extrapolated lines BG and EF, which is 
actually equal to the sum oi Ip and positive ion current to tlie probe and the anode 
cuiTcnt, respectively. The corresponding values of logio(S7//‘^^— 1) are computed 
and the plot is made for logjoZ’— V as shown in figure 2(b) wliich is mostly linear 
without any bend in a comparatively wider voltage range in contrast to figure 
2(a). The electron temperature is calculated iVoiii the slope of this line and 
iound to be 42,000“K. 



Figure 2. (a) (hapli .sbowuig probe iiolcuiial V 'V6' 

(b) Graph nhowiiig jirobe potoiiiial V vs lugn^iTc 

The values of clecti'on temperature Tg found by two dilferent apiiroaclies 
(SPM and DPM theories) of analysis of i — V curves for do gas discharge are foimd 
to agree well. Hence it can be said that the anode has served as a true reference 
point in dc discharge and the double probe toclmique could be used lor analysis 
of dc discharge also. Further this technique enables the use of greater portion 
of t — V curve for analysis of electrons of wider velocity range to furnish para- 
meters of dc gas discharge. 
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Effect of rubber ingredients on its dielectric properties 

By F F Hanna, A. A Yjahia And A. Abou-Bakr 
Nalionnl Ile^imrth Centre, Talirir Street, Dokki, Cairo, U AM. 

[liHetoed 20 November 1970) 

N.tUiral iuid Hyntliclic iiil^ljors, specially butyl rubber, arc widely used in cable 
jiiflustiy It is vN'orthy to study the effect of conventional rubber iugrediculK 
added ste])\vjsc lo rav' i libber on the dielectric constant e' and dielcctnc 
loss 

Butyl rubbci- was chosen for this study as it is a non-iiolar copolymer with 1 oa\ 
decree of iinsatiiration (Clark 19()2) Thus, it is heat, ozone and vcatlu*r I'esistini; 
rubbei- and has excellent insulatinjii properties. Moi’eovcr, rav^' butyl rulibei can 
be shaped easily into aii -bubblc-fre.o discs needed for the measureineiits 

b^ivo rulibcr formulations were prepared as shown in table 1, for this study 
C and c" were measured at frecpiencics between OOHz/s and lO’Hz/s in the same 
M'ay desc'iibed before (Hanna & Olioiicini 1970). The results obtained arc illus- 
tiated in figure I Those results show that the addition of sulphur and accele- 
ratoj s MBT+TMTD (formula 2) decrease o/ slightly in the whole frequeney 
region, which may be due to the cross linking by the curing system used Also 
e' is much mci eased in the low frequency region and then decreased a little 
ill tlu‘ Jiigh frequency region (ciirvii 2). The increase at low frequency region 
may be due to the intei’facial jiolarization (Smyth 1055) aiising from the 
(‘Aistcnce ol moie than one phase. The addition of stearic acid (formula 11) 
increases t to some extent specially in the low frequency region, while c" is very 
in uch mcr eased m the whole frequency regions (curve 2) This behaviour may 


Table 1 


\ FoirauUi no 

Ingi'od units \ 

1 

2 


4 

5 

JJulyl rubbci 

luo 

100 

100 

100 

100 

Sulphur 


1 6 

1.5 

1 6 

1.6 

TMTl) 

— 

1 

1 

1 

1 

MBT 

— 

0 c 

0.5 

0 5 

0.5 

Sliuuiu: twnii 

— 


3 

3 

— 

Znir- oxulr 

- 

— 

- 

5 

5 
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1)0 attributed to the polarity of the carboxylic group in stearic acid. The 
a,ilclition of ssiiic oxide (formula 4) changes markedly the dielectric properties 
(cuiA^c 4) It is found that e' is decreased to about the same value as samples 
1 and 2. c" is also decreased to a value somewhat higher in the low frequenej^ 
legion but is lower in the high frequency region than tliat of raw rubber. This 
may be explained as due to the formation of zinc salt which is less polar than 
si canc acid itself. The addition of zinc oxide in the absence of stearic acid 
(I’oi'iuiila 5) shows dielectric loss not much different from formula 4 in the Ion 
li oqiicncy region but are somewhat highci- in tlic higli frequency region, Avhile 
( ’ jrjiiains the same as formula 1 This nia}’^ as.sist the suggestion that the 
pelarity of the carbox 3 dic group in stearic acid is the cause of the large iucrcasti 
111 



Pigiiic 1, Dielectric ftnihltuil (' ami ilu'lccliic lo'iis tor llic 5 MiinpluH given iu table 1. 



lo. r 


nc c' otid c"' for sauiplo 2 uaiug clifforont euro time (-©- lUmiii, 15 min, -/- 25 uiiii) 
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The rubber vulcanizato obtained by formula 4 has good physico -mechanical 
projx'rties, t.q. samples vulcanized at 160°C for 10 minutes give tensile 
strength 106 kg/cm®, elongation 730%, modulus 300% elongation 9kg/cm- and 
pei'manent set 5%. 

The effect of cure time on e' and e" was also studied. Three cure times were 
used namely 10, 15 and 25 minutes. As showui in figure 2, e' does not change 
w ith the cure time, while c" is changes slightly. Since the cure time affects mainK 
tJic physico-meclitiJiical properties of vulcanizates, it is recommended to use the 
cine time Avhicli gives optimum physico-inechanical jnoperties, as its effect on 
the dielectric iiroiierties is negligible. 

Tills study leads to the conclusion that the ingredients which are normally 
added to improve thci physical properties of raw rubber, specially in the described 
proportions, do not practically change the dielectric properties 

Wo should like to thank Prof Dr. R. N. Sodra, Cairo University, for his kind 
interest in this work The facilities offered to us by the Transport and Engineer, 
mg Co. ill preparing those samples arc very much appreciated. 
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Comparison of experimental and theoretical pair cross- 
sections near the thershold 

By J- Rama Rao, M. Sriramachandra Murty And K. Parthasaradiu 

Thp. Laboratories for Nuclear Jleticarch, Andhra University. 

Waliair, India 

[Received 4 December 1970) 

It is well known that the cxpcrinieiital pair cross-seotions of gamma rays very 
near the threshold are not m agreement with the predicted values from BetliC' 
Heitler theory (1934) oi Avitb the cxtraimlated values from Jaeger & llulmi' 
(1936) calculations. Recently, however, more accurate theoretical pair cross- 
sections are leported by Overbo et al (1968) claiming a better agreement Avith 
the expeiimcntal A'alues near the threshold In the present communication 
coinparison is made of (5Xj)orimental cross-scotions at 1.119 MoV reported ljv 
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Rama Rao et al (1963) witli Overbo’s (1968) theory. In additioiij the pair 
cross-BectioJiB in germanium recently reported by Yamazaki et al (1966) are 
compared with Overbo s theory with a view to tost its validity near the threshold. 

Rama Rao et al (1963) measured the pair cross-sections absolutely at 
the energy 1.119 MeV in eight elements from copper to lead, using a 
Goiiicidenoo method. Yamazaki et al (1965) determined the pair cross-sections 
in germanium in the energy range 1.007 to 2.764 MeV by using a Ge(Li) 
crystal both as the target a.s well as detector. Those latter cross-sections were 
measured relatively and then normalized to the Jaeger & Hulmes’ (1936) value at 
12.754 MeV which is 4% higher than the Bethe-Heitler (1934) value. It must be 
noted that this method implies tlio agreement botAveon the experimental value 
nnd the theoretical value of Jaeger & Hulme at 2.754 MeV in germanium. The 
('xperimontal values of Yamazaki et al and those of Rama Rao et al along with 
the theoretical values of Overbo et al are given in tables 1 and 2. 

it can be scon from the table 1 that the agreement between theory and experi- 
iiicni- is satisfactory Irom 2,754 MeV down to 1.5 MeV. BcIoav this energy there is 
deviation. Tlie deviation cannot, however, be ascribed to an error arising from 
normalization pi-ocedurc since the discrepancy increases with atomic miinber. 
It may also bo noted that the theoretical values are always smaller than the 
experimental values wherever there is a discrepancy. The inclusion of screening 
correction, neglected in the theoiy of Overbo et al, Avould however, still decrease 
the theoretical cross-section. The trend of deviation, increasing with atomic 
number toward the pair thresliold, suggests that adequate refinements are neces- 
sary in the theory of Overbo et al in these directions. 

Taulb 1 Experimental pair cross-sections in germanium (millibarns 
per atom) 


Energy (MeV) 

Exporimontal 

Value 

Thooreiical 

Value 

(Overbo et al 
1968) 

1.007 

0.342±0.029 

0.266 

1.115 

1.38J:0.10 

1.14 

1.173 

4 66±0.17 

3.85 

1.276 

16.6±0.5 

13.5 

1,332 

24.8±0.8 

21.9 

1.368 

30.7±1.0 

26.6 

1.407 

37.7i2,l 

33.1 

1.477 

66.7±2.6 

47.3 

1.506 

78.3±4.2 

75.0 

1.837 

lfi3±7 

145.0 

* is. 186 

263 ±10 

246.0 

2.318 

284±8 

282.0 

2.754 

461 ±14 

447.0 
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Table 2. Pair croaa-soctions of 1.119 MeV gamma rays 
(milUbarns per atom) 


Elomont 

Exporitnantal 

Value 

Theoretical 

Value 

(Overbo et al 
1968) 

Cli 

1 42 to 09 

1 02 

Zr 

2 06 to. 18 

2.16 

Rb 

.3 90 to 23 

2 79 

Sn 

.5.00d-0..3 

.3.4.3 

Tn 

11 .40-1-0.6 

0..3 

PI 

13.20:t0 7 

0.92 

A VI 

1.3 40-1-0 7 

7.0 

Pb 

14.80d;0.7 

7.24 
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Some comments on exact partition function of Ising model 
in Magnetism in one, two and three 
dimensions in non-zero field 
By V. P. Desai 

Salui Institute of Nudear Physics ^ Calcutta-9 
{Received 6 September 1971) 

In a recent paper on Tsing model, Das (1970) comes to the surprising 
conclusion that Onsager’s (1944) and Yang’s (1952) results of two dimensional 
Ising model are not reliable ! A closer look at the paper reveals that 
Das’s approach to the problem is basically erconeouB' The basic fallacy m 
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liis approach is that he considers finite crystals. The partition function for a 
finite crystal is an analytic fttn^ciion of temperature and as such its derivatives 
will net show discontinuity (Onsager 1944^, Wannier 1969). Hence the author 
does not find any phase transition in two or three dimensional finite crystals. 
Mere imposition of periodic boundary conditions will not ensure that the crystal 
is infinite. Periodic boundary conditions only eliminate the surface effects. The 
l orreot way to calculate exactly the partition function would be to write down 
the partition function and then let the number of atoms, number of rows of 
atoms or number of layers of atoms (depending on whether one is interested in 
one, two or three dimensions) go to infinity, after which only, one should try to 
derive the thermodynamic properties from tho partition function. This limiting 
pi’ocess is very complicated which requires special mathematical methods kSucIi as 
tlie matrix method or the combinatorial methods in tho case of two and three 
dimensional crystals. The author is wrong in assuming that one can obtain 
the behaviour of one or two dimensional crystals from that of three dimensional 
ciystals, because the three demensional problem is tho most complicated one and, 
therefore, as yet unsolved. There is absolutely no ground to believe that the 
behaviour of one, two and three dimensional crystals are similar. 
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BOOK REVIEW 


Advances in plasma physics, V 61. 3 

Edited by A. Simon and W. B. Thompson, 

InUrscience. Publishers, 1969, pp. 249. $ 14.96 

Thu preaejit volume iR tho Ihird m a series which aims at providing review articles on 
.'Mlvanees in the Rovcrnl branches of plasma phy.sie6 and forming, m this way, n channel of com- 
Tiiunication among plasma physicists in various disciplines. 

This volume consists of tho following three articles, 

1 Kinetic Theory of Plasma \Vave.s in a Magnetic Field- -by David E. Baldwin, Ira 
P. Borusloin and M. P. H Weenink. 

2 Electron Dist-ribu tion Functions m Weakly Ionized Plasmas— by Ira B . Bci nat-oui 
ClaRsioal Plasma Phenomena from a Quantum Mechanical Viewpoint — ^by E (I 

Harris. 

'Uhe leading article summarizes the important tochniqiics and results relating to the 
liinolie thooiy of wave phenomena in a magnetized plasma. It' deals first with small-amplituili' 
waves 111 an infinite homogeneous plasma and considers a few limiting cases, such as the limit, 
of low tomporaturo and small magnetic field propagation parallel and perpendicular to the 
magnetic field, etc , the tveatinent being marked by some interesting mathematical approaches 
Tho effects of bonndarios and density gradients are gradually introduced; in this counoctron 
the pioblem of rehoruinces in plasma columns is well discussed and the method of gcomoLric 
optics IS developed to give the synchrotron radiation from a hot magnctoplasma. A helpful 
foaturn of the article is the presentation of eonciso bibliographic notes at the end of 
each section 

Tho second article is a comparatively short one, presenting a new approach to an eld 
problem. The electron-neutral collision term is expanded in powers offoctivoly of mftn', tho 
ratio of tho electron to neutral mass, and the result is used to give a perturbation solution of the 
electron Boltzmann equation, which permits derivation of the usual transport cooflicients 
The treatment is particularly suitable for dealing with boundary conditions, Tho full Boltz 
rnann equation, encompassing the effect of inelastic processes and charged particle encounters, 
js briefly discusaod. 

The third and last article is perhaps the most interesting one in the volume. Tho dielof - 
trie tonsor of plasma is derived quantum mechanically, and the linear theory of wave propaga 
tion in plasma is discussed This is followed by tho quantization of tho electromagnetic field 
in a diHpersivo medium. Waves m a plasma are considered as consisting of quasipartiolcs 
(plasmas, phonons, photons, etc.) interacting with the particles of the plasma and with ua 
other. Nonlinear effects m plasma, particularly of small magnitude, are throughly discusfWH 
m this light. It is worth noting that the quantum moohonioal calculations are, in some cases, 
more Rtraightforward and less difficult, than tho corresponding olasaioal calculations. 

AHhough tho contents of tho present volume in the review series are undoubtedly Ihco^ 
retical in nature, the articles would have been more comprehensive and the purpose of t 
scries served better if surveys of the experimental work, wherever pertinent, were indue 
However, the articles contain authoritative discussions on basic phenomena of plasma phys 
and tho volume can, therefore, be recommended to all concerned with the subject. 

J. B. 
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Potential function for diatomic molecules 
By S. M. Mirajkar 
Scitiwe Gollegey Satara 

{Received 15 July 1070 — revised 11 September 1970) 

A now puiiential function for diatomic moluculcs is suggested and its fjchrodingei equation 
has been solved hy the method of Pokeiis (1934). Values of anhaimouicity and rotation- 
vibration coupling constants have boon calculated by the method suggested by Varslmi 
(1907) The rosull^s have been compared with oxponinenta] values and also with those 
calculated by different authors. 

Introduction 

J^otcntiul energy function for diatomic molecules is givcjn by comparison with 
cxj)C‘i inieutal data Com pai'ativc study of various potential functions was made 
hy Varslmi (1957), Manning (1935), Steele el al (1902) and Levine (1906), Consi- 
dering some applications of the potential functions, tlio solntion of corresponding 
Sclirudingcr equation and determination of the wave functions becomes necessary. 
Till) solution of Sclirddiiiger equation has been possible in a few cases (Kratzei 
l'J20, Morse 1929, Manning 1035, Kisonhart 1948, Tietz 1963, Wojtczak 1965) 
111 sonic eases the solution is vejy complex 

As suggested by Landau (1959) the potential function can be obtained by the 
combination of centrifugal energy and electrical interaction energy of the nuclei 
.screened by electrons Based on this suggestion of Landau, Wojtczak (1965) 
proposed that the potential eiiei’gy function should reach asymptotically to a 
finite value for x—^ oo, and to oo as x-^ 0. He therefore suggested the following 
form for P.E function : 


+ 1 ) 


where T and Z are arbitrary constants, f{x) is screening function, variable 
■c ~ rjr^ and P^(.'i:) is some function of x. The P.E function should also satisfy 
Varslmi conditions. 

The function having a simpler solution and comparable results of oie 
iuid a^, are described hero. The new" function has been arrived at by giving simple 
vfiluoa for screening function /(ic) and the function F(.'r). This has been done by 
Memiompirical logic and the following form for P.E. function has boon arrived at ; 


F = 


U.+4+ 


Ar, 


3 ^ 

_ 6 ® 


... (a) 


621 
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where is dissociation energy, ^ is a constant determined to satisfy Varshui 
condition, is equilibrium separation between nuclei, and a is a parameter the 
value of which determines the percentage accuracy of the results of cogaje and 
The present discussion is divided into two parts. In the first, it is assumed that 
= 3/2 and then in the second part a generalization like oltc = 8 has been at- 
tempted. The Schrbdinger equations for both first and second general part have 
been solved. From the general solution, it appears that is the same for all 
values of (J but and depend on S. Results of liave been obtained 

and tabulated for values of d ranging from cy=1.6to<y — 2 (table 4) The 
percentage errors in for ZnH and HCl have been calculated at various d's 
(table 5). It indicates that percentage error in the value of depends on d 
and for a group of molecules there exists a particular value of at which there in 
near coincidence between experimental and calculated values of It appears 

that d which produces near coincidence may be a function of atomic numbers ol 
nuclei and the quantum numbers of the electrons in outermost shells. 

Out of the two methods to test the validity of function, viz. (1) Matching oi 
values of ct>c, and with the experimental values, (2) Percentage deviation 
of suggested potential from R.K.R. potential, (Steele et al) the first method is uwed 
to check the validity of suggested function. 

Our function satisfies the following Varshni conditions 


(dVldr\_^^ = 0 

■ . (1) 

(V)r.o = 00 

... (2) 

(r)r-« s 0 

... ( 2 ) 


... W 

\ dr^ /(r=rj 


Part I 

It is assumed here that arp, = 3/2. 

From (4) A = 

According to A^arshni (1957), vibration -rotation coupling constant is given bj’ 

... ( 0 ) 


and 




2.1O78. l0-^» 

I^A 


... (7) 
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From (a) 


X - / V" \ 93 1 

^ = -n7. 

\ ^ 1071 

28r.2 




Substituting these values 


0 >^, = 10 - 1 " 

V.* 


aiul 


P 2 

a, = 7.285 


... ( 8 ) 
... ( 9 ) 


VaJues caloulatcd from (8) and (9) are compared with other v^alues given in tables 
1 and 2 


Table 1 


Diuitom 

WgXg 

(calculated) 

u)eOCe 

(oxponinoiital) 

CDeUiti 

(Morse) 

Ha 

268.6 

117.99 

179.00 

ZnH 

29 62 

66 14 

4.72 

CdH 

24.01 

46.3 

6. 1C 

HgH 

24.63 

83.01 

3.31 

OH 

63.84 

64.3 

72.56 

OH 

83.30 

82.81 

00 12 

HF 

92.61 

90.06 

122.305 

HCl 

46.76 

62.06 

60.27 

HBi’ 

37 . 42 

46.21 

42,14 

HI 

28.96 

39.73 

40.60 

bia 

2.973 

2.69 

1.426 

Na,a 

0.6837 

0 726 

0.092 

Ka 

0.2481 

0.35 

0.00389 

Na 

8.884 

14.466 

14.766 

Fa 

1.341 

2.8 

1 . 895 

Oa 

6.393 

12.073 

11.203 

SO 

3.133 

6.116 

4.326 

Cla 

1.077 

4.00 

2.8 

Bi’a 

0.3669 

1.146 

0.1927 

Ta 

0.1660 

0.6127 

0.3169 

ICl 

0.6041 

1.466 

1.064 

00 

8.630 

13.46 

14.97 

NO 

7.626 

13.97 

12,79 
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iSoUJTION OF SCHKODITgOER EQUATION [WHEN — 3/2] 

Morse (1929) solved wave equation for nuclear motion. This wave equation 
was OT‘iginally suggested by Born and OppenheJmer (1927). By separating 
r,0 and 0 dependent paj’ts, Morse obtained the following equation for radial 
function i2(r). 


d^n J{J+i) 
dr^ r* 

[W- 

-E{r)]E = 0 

Diatorn 

Table 2 

tte 



oxporimuiital 

2 993 

6.13 

ZnH 

0.25 

0.2022 

CdH 

0.21 

0.1606 

HrH 

0 312 

0.1617 

CH 

0 634 

0,5322 

OH 

0.714 

0 6901 

HF 

0.7706 

0.7716 

HCl 

0 3019 

0.2732 

HBr 

0 226 

0.1974 

HI 

0 183 

0.1354 

L12 

0.00704 

0 . 009396 

Naz 

0 00079 

0.001096 

K2 

0 000219 

0,0002483 

N, 

0.0187 

0 01247 

fa 

0 00142 

0.0009584 

O2 

0.015 

0.009640 

SO 

0.00562 

0.003250 

Cb 

0 0017 

0,0007663 

Bra 

0.000276 

0 0001475 

h 

0.000117 

0.00004749 

ICl 

0.00053 

0 0002474 

CO 

0 01748 

0 0012.51 

NO 

0.0178 

0 01111 


Changing the notation, E = S, E{r) = V and W — the equation for radial 
function becomes 


d^S S+®^“'“[£f-7]5r = 0 

dr* It hr 
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When the value of V from equation (a) ia put in the above, the following 
equation is obtained. 

^ , SttV ^ -dr, 

dri wr — - -j- 

’)S = 0 


ZA ) \ 


T„* B h^J(J+\) . -•(r-ri 




where 


when 


Similarly 


For 




are = ZI2. C„^E-D,~1.±-^ 
V r, 3 



2 

___ 2 \ 

1 -^ / 

4 

- ® ^ 

re ^ 

arg 


’ 1 

are 

aV/ 

3A 

~B 





OLT^ 

\ arg 

aVr 



are = 

3/2, (7, 

14^ 

"9re 

> 



(10) 


( 11 ) 


( 12 ) 


tA 2"^ ■'■5^) >7( <tre+av) ®( ar, ’•'av)' 


... ( 13 ) 


«r, = 3/2, 0,= -- ^-|S. 


For 
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When the following substitutions are made in (10), equation (14) is obtained. 
S ~ where z — 2dy 


62 a 


K — ^ =- _ 6+l 

“ ^ ~ 2 

dz^ dz \ z } z 
Put u — in (14). 

This gives 


n--K 


’ w('w,+l)4-(6+l)(w+l) 


The series should be finite and terminate at w-th terai. 


n = K 

^Vq,_b+i^ 

a*hf 2d 2 


(7, = ?i(»+l/2)— g(,.+l/2)»-^((7,W - (IS) 


When the value of (?„ is introduced in the above, the value of S is given in tlm 
following form . 


/? 


/UA 
\ 9 ?V 


4d2 I 9 r, / ' 


7 A 

ft 


Substituting d and expanding the first and last terms 


E ^ £ / _7^__ 
ch TTC^ IS/tr-g 


(^+3/2)- 






OL^h 

Sn^fic 


(71+1/2)*+. 


W+1) 


+ 


^6 
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Introduce value of A from (6) in the coefficient of (tc+ 1/2) in the first term which 
represents of diatomic molecule so that, 

TTc ^ 27rc ^ 

Above formula of is the same as that obtained by other considerations. Values 
calculated from this are compared with experimental ones and given in table 3 

TABLE 3 


We 

Wb 

Diatom 

calculatod 

experimental 


4390 

4395 

ZnH 

1603 

1607.6 

Odll 

1429 

1430 

HgH 

1387 

1387.1 

CH 

2859 

2861 

OH 

3732 

3736 

HF 

4134 

4138.5 

HCl 

2986 

2989.7 

HBr 

2647 

2649.7 

HI 

2308 

2309.5 

liiji 

361.1 

351.43 

Naa 

159 1 

159.23 


92.63 

92 64 

Na 

2367 

2369.6 

Pa 

779 8 

780.43 

0. 

1679 

1680 4 

SO 

1123 

1123.7 

(jlg 

663 5 

664 0 

Hi’a 

546.4 

323.2 

li 

214.4 

214 6 

ICI 

119.1 

384.18 

CO 

2168 

2170.2 

NO 

1902 

1904 
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Part 11 

Generalisation of a 

It is assumed here that in general are = 
From (a), (6) and (7) 


X = 


3 /-lo+^av 

r, [ ‘ 8-3tf / 


1 IU~SS^ 
r/ 8-3d 


ot^e — 




From (16) and (17) asaumes following form 


348+432r;^-300<J2^24<53H-6(JM 2.1078, 
“(8-35)2 J 


... (16) 

... (17) 


(18) 


The value of changes with 8 in the manner ahown in the following tabje 
3A. 


TABLE 3a 


8 

(OgXc X JIaU^ X 10^® 

1.6 

74,47 

i.e 

83.97 

1.7 

96.12 

1.8 

111.1 

1.86 

120.3 

1.9 

131.0 

2 

168.1 
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TABLE 4. Variation of with d 



1.5 

1.6 

1.7 

1.8 

1.85 

1.9 

2 


Mol. 

oalo. 

(OeXe 

calo. 

WtXe 

calc. 

calc. 

toeXe 

oalo. 

OJeXe 

calc. 

WfiKe 

calc. 

(OgXe 

expfcl. 

Ih 

ZnH 

268 6 

29.52 

302.8 

33.29 

346 6 

38.11 

400.7 

44.06 

433.8 

47.68 

472.6 

51.96 

670.2 

62.69 

117 97 
55.14 

CdH 

JJgH 

24.01 

24.63 

27.07 

21. 

30.98 

31.66 

36.82 

36.61 

38.77 

39.63 

42.24 

43.17 

50.95 

52.08 

46.3 

83.01 

CH 

OH 

63.84 

83.30 

71.97 

93.91 

82.39 

107.6 

95.26 

124 3 

103.1 

134.5 

112.3 

146.6 

135.5 

176.8 

64.3 

82.81 

HI' 

HCl 

92.61 

46.76 

104 3 

62.71 

119.4 

60 34 

138 

69.76 

149 4 

76.61 

162,8 

82.26 

106.3 

99 24 

90.06 

62.05 

HBr 

HI 

37.42 

28.95 

42.10 

32.63 

48.29 

37.36 

66.84 

43.19 

60.43 

46.76 

65.85 

50.93 

70.43 

61.41 

46.21 

39.73 


Li^ 

2.973 

3.362 

3 837 

4.436 

4.801 

6.231 

6.311 

2.69 

Naa 

0.6837 

0 . 7709 

0.8824 

1.021 

1 104 

1.203 

1.462 

0.726 

1<2 

0.2481 

0.2799 

0.3203 

0.3703 

0.4009 

0,4367 

0.5269 

0.36 

Ns 

8.884 

10.02 

11.47 

13.26 

14.35 

15 63 

18.66 

14.456 

I’a 

1.341 

1.611 

1.726 

2.00 

2.166 

2.358 

2. 845 

2.8 

Oa 

6.393 

7.207 

8.260 

9.639 

10.32 

11.26 

13.67 

12.072 

SO 

3.133 

3.633 

4.043 

4.676 

6.060 

5.613 

6.661 

6.116 

Ola 

1.077 

1.214 

1.390 

1.607 

1.740 

1.895 

2.287 

4.00 

Bra 

0.3569 

0 4024 

0.4606 

0.6326 

0.6763 

0.6279 

0.7676 

1.146 

]j 

0.1660 

0.1860 

0.2129 

0,2461 

0.2666 

0.2902 

0.3601 

0.0127 

ICI 

0.6041 

0.6683 

0.6606 

0.7621 

0.8141 

0.8869 

1.070 

1.466 

CO 

8.639 

9.627 

11.03 

12.76 

13.81 

16.03 

18.12 

13.46 

NO 

7.626 

8.486 

9.714 

11.23 

12.15 

13.24 

15.98 

13.97 


General Solution of Schroding&r equation when olt^ — ^ 
From (10) 


The values of C„ C„ in the present case («»■, = *). oan be obtained from (11), 
(12) and (13). 
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Inirocluctioii of C^, Cy, and d in (15) and corrosponding expansion gives 


E _ 
cii 


ttG i2/ir, \ 2S ^ ) \A / 3 8 


(1_3\ 

-3 . 4\1 \A' d^-/_ 

pi 8 ) ' 

\d I 


II2)J{J+1) 


- «!l_r;^+l/0N24. /2_3 \ . De 

'%n^li.G ^ ^ + rfih \ TrJJh^^^iir.^C 

The coefficient of (a-j-l/S) in first term on the riglit hand side is 

a \ A / -3 4 ^ -1^ 

"jtO L2ar,l 2« ■'■«“/ I 


(20) 

(21) 


The value of force constant is given by iT^ — (8— 3<J) AJrJ^ in this case. When 
it is introduced in the abo\^e value of cop, usual form for Wg is obtained, which is 
Wg = 1 / 277 ( 7 . VKej/Jb. It suggests that oig is independent of d, but and 

depend on 


TABLE 6. Variation of percentage error in with S for ZnH and HOI 


s 

Percontago 

ZnH 

error in oieOJe ter 
HCl 

1.6 

-46.47 

-10.16 

l.tt 

-39.6 

+ 1.3 

1.7 

-30 08 

+ 16.0 

1 8 

-20.09 

+ 34.1 

1.86 

-13.54 

+45.1 

J.O 

- 6.79 

+ 58.1 

2 

+ 13.7 

+ 90.6 



Potential function for diatomic molecules 
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Line and continuum spectra of H-F. at Alibag during 
quiet and disturbed periods 
By a. K. Sen 

Colaha Observatory, Bomhay-b, India 
(Meceived 22 December 1970) 

The nature of Bpeotral lines and oontinuvun speotra in the wavelength range 6 min to 
186 min has been investigated for two periods, one of relative magnetic calm and the 
other disturbed. Speotra of digitized (2.6 min) Horizontal Intensity at Alibag suggest 
that during disturbances significant fluctuations occur in the range of 37.0 mm to 185.0 
min. These arc ascribed to the variation in the mean level of the solar wind. From 
the computed power law it is noticed that the fimctional dependence of the continuum 
power on the frequency is almost the same for quiet and disturbed periods. The level 
of the continuum, however, is about 6J times higher during the disturbed period. 

Introduction 

In the course of a study of the magnetic data by spectrum analysis in the period 
range of 40 days to 5.5 years, Currie (1966) suggested that the continuum spec- 
trum often provides information about the physical mechanisms that generate 
a time series. According to Banks (1969) continuum spectrum is generated by 
a real geophysical process and is not the result of instrumental noise or a function 
of the local observatory environment. To investigate the spectrum it is necessaiy 
to use sufficient length of data of any observatory. But the data are often vitiated 
by noise, such as, due to instrumental, scaling or reading errors or due to errors 
in copying, calculating, printing and rounding-off of the data. 

The old and established observatory at Alibag (dip 24°. 4N) has a collection 
of excellent magnetic data extending over several decades. The continuum 
spectra of horizontal intensity of the earth’s magnetic field during a period of low 
solar activity have been computed from a selection of samples from this data for 
quiet and disturbed periods. As short period fluctuations are known to become 
prominent during disturbed conditions the present analysis has been made to 
cover the wavelengths from 5 min to 1 86 min. To facilitate comparison an analysis 
restricted to quiet day data, has also been done. The functional dependence of 
the power density of the null continuum over the frequency has been computed 
for quiet and disturbed periods. 

For adequate resolution 2.6 min digitized data of Alibag, made available by 
World Data Centre, have been used. Two series, one each for quiet and disturbed 
periods have been considered. The data used for computations for quiet and 
disturbed periods have been confined to the same month and year so that the 
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seasonal and solar cycle characteristics remain the same. Using Bartel’s diagram 
three days from September 12 to September 14, 1964 were selected as a sample of 
a quiet period, the index Ap being 2 on each of those days. Three days, from 
September 7 to September 9, 1964 wore selected as a sample of a distiu'bed period, 
the index Ap these days being 28, 23 and 16. Bach series consisted of 1728 data 
points extending over a period of 72 hours. Following the procedure outlined by 
Blackman & Tukey (1959) aiitospectra were computed with a maximum lag of 
300. Prior to computations a high pass digital filter w'as applied to each scries 
to eliminate long period (diurnal and semi-diurnal) variations. Trend-free series, 
Yi, were computed from the series of digitized data, Xj, by tlie linear transfor- 
mation ; 


fc— n 

where JVjb was the fc-th weight of the filtering function and n — 100. The response 
of the filter was nearly unity for periods shorter than 187 minutes. Its response 
was zero for wave length of 625 minutes and above. From the autocorrelations 
computed in the course of power spectrum analysis the Twise characteristic of 
the series was tested. The lag-one serial correlation coefficient differed signi- 
ficantly from zero and the relations rj^, ^ etc, were satisfied where 
and were the serial correlation coefficients of lag 2 and lag 3. The null 
continuum was, thus, assumed as that of Markov rcrl noise, as outlined in Tech. 
Note No. 79. Assuming that was an unbiased estimate of the spectrum, the 
null continuum was computed from the following relationship : 


Sjt = 6 




1 

l+r,2— 2riCOs — 

^ ^ m 


whore a was the average of all raw spectral estimates, m = number of lags and 
= 0, 1, 2, w. 95 per cent confidence line of the continuum was computed 
for each spectrum with ohi-squaro values corresponding to the number of degrees 
of freedom i2N—M 12)1 M where N was the number of data points and M was the 
maximum lag. The line spectra, null continua and 95 per cent confidence lines 
of the null continuum are shown in figures 1 & 2. As the continuum decreased 
asymptotically with increasing frequency, the power law for each series was 
determined by the relation P = Af-'* whore P was the power density of the null 
continuum corresponding to the frequency /, a the functional dependence and 
A, a constant. 

Bbsultb 

From the spectral estimates of the data for the quiet period it is noticed that 
peaks significant at 95 per cent leyel occur at the periods of 34.1, 30.6, in the 
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bandwidth of 26.8 and 26.9 min and at 18.3 min. The power density of the null 
continuum has a functional dependence on frequency where (X — 1 .66 and 
constant — 0 12 X 10“^. For the disturbed periods spectral peaks significant at 
96 per cent confidence lev(il occur in the wavelength from 166.7 to 150 min and 



PERIOD (MINUTES) 

Figure 1. iSpcetm of Alibag li. V during Quioi period. Tho Imo, jfunmg tho cucIpk ro- 
piOiSoniB tho line spectrum. Tho continuous line j.s the null coniinuum ancl^tho 
broken lino represents 9R porcont confideiiee line ol tho null continuum. 


0 



PKRIOP (MINUTES) 

Kignre 2, Spectra of Ahbag li. F. during Disturbed period. The line joining the cirolos 
representB the lino speotnim. The oontmuous line is the null continuum and 
th© broken line represents 95 percent confidence lino of th© null oontinuunit 
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at wavelengths of 107.1 , 83.3, 71.4, 60.0, 44.1, 37 5, 16.3 and around ll.Omin. The 
power density of the null continuum has a functional dependence /“* on frequency 
where a = 1.72 and constant An — 0.66 Xl0~^. 

Discussion 

According to Parker (1907) the longer peiiod fluctuations of the magnetic 
jield are due to the variations in the mean level of the solai’ wind. Fioiii both the 
spectra it is observed that in the low frequency range the number of spectral peaks 
significant at 95 per cent confidence level are higher during disturbed period. 
This is to be expected because larger variations over mean level of the enhanced 
solar wind can bo exjiocted only during disturbances. Fi’om the investigalioii of 
periodic flucluations iu the geomagnetic field during 36 storms in 1958, Pai & Sara- 
bliai (1964) observed that the most common periods were 40-50 min (Some 
fluctuations had periods as large as 60 to 80 min. J3(.st & Giafc (1969) from 
their studies of proton flare events between August 27 and September 7, 1966 
suggested thaL for II and I) components at Honolulu, the s|>ectral density peaks 
occur around 100-120 miii They also noticed spectral peaks at 50 to 60 min and 
90 to 120 min at Niemegk and (Sitka. Bhargava & Rao (1970) studied the fluc- 
tuations in the period range of 0-150 min for the statistical properties of world- 
wide fluctuations dui'iug disturbed periods at several stations and observed a 
peak around 120 min. They also obtained shorter period secondary oscillations 
witJi periods around 25 and 37 min. From this investigation it is noticed that 
significant spectral peaks also occur in the period range of 160 to 166.7 min and 
ai ound 1 1 and 1 5 min. It is also uotiood that, for both quiet and disturbed periods, 
the functional dependence of continuum power on frequency is almost same, 
being 1 65 and 1.72. These constants arc slightly lower than the constant of 
about 2.0 obtained by Mason (1963) from his study on spectra for I), H and Z 
of 4 disturbed days of 3 stations for periods in the rage 6-120 min. 

Although the functional dependence of power on frequency is almost equal 
iu both the series, the level of the continuum during disturbed period is about ^ 
times higher than that of quiet period as noticed from the ratio of An to A,j, 
Tliis may bo ascribed to the intensification of solar wind during the disturbed 
period. Cui’rie (1966) pointed out that at some observatories no semi-annual or 
annual lines were observed in the spectra and tliis indicated that Observatory 
noise was severe resulting in the continuum power levels being higher than the 
line spectra. From this study it is noticed that during disturbances the continuum 
level is slightly higher than the lino spectrum towards the high frequency end of 
the spectrum (from 7.7 min to 6 min). This feature is, however, absent duiing 
cpiiet period. This result suggests that the contribution of tho instrumental 
noise to the continuum is negligible. That the continuum level is higher than the 
lino spectrum only tluring disturbed period could be ascribed to either noise during 
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disturbances or rounding-off error of the data, a feature likely to be more effective 
during disturbed periods. 
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The effect of salinity on the apparent dielectric constant 
values of rock specimens 

By S ItANGAClIARI 

Department of Physics, Indian School of Mines, Dhaydmd, Bihar 
[Received 20 November 1970 — Revised 4 May 1971) 

Diolocti’ic uoiiHtant va.luoB of two lock sponmiuih saturated with aqueous sodium chloride 
solution at various concontrationK have boon measiirod at various f requonoics ii\ the I'ango 
llMHz; to 24 MHz and a sigiiihcaiit rise ui the values has been noticorl with the flecioase 
of lioquoiicj and iiicieuBo of coiiconti ation An atti'mpt hag been made to fit those 
data into nn en)|nric'a,l lelalion and to explain Hio increase 

iNTROnUOTION 

LlcUMiiuiiatiioa oi llio dielectric, ]>ro])(3rt.ieK of naiural-sLate rocks is besot with 
niauv difliciTlties l)ot]i in lucaHuiTrneiit jiikI iii iiitci'protation ol results The rehi- 
1-1 VO permittivity data obtained so lar show/ a dispersion with change of frequency 
lar ni oxcovss of theoretical predictions due probably to the existence of dispersing 
iiiechanisins not yet understood Among factors affecting the dielectric properties 
ol such rocks may bo mentioned composition, structure, poj’osity, water-content, 
salmity, tenijieratnre and pressure For an understanding of their dielectric 
behavioui it is therefore necessary to study tJic effoct-s of those hictors within 
wide limits 

Tlie jjore-flnids in rocks are known to contain dissolved salts and organic 
matter Measurements of the dielectric constant, loss tangent and tbe electrical 
conduct-ivity of natural-state rocks at various fj’ec|ueiicies, temjKuatures and levels 
of water content have been rejiortod by many workers (Keller & Licastro 1950 
Flo well & Licasi ro 19G1, Scott cl al 1907 and Singh «fe JUa 1065) Af. frequencies 
above about lOMHz, many mechanisms known to operate at low frequencies are 
Jcmlerod inoperative and the observed permittivity values decrease drastically. 
Only the large values at Ioav and medium frequencies are of interest in the iireseiit 
study 111 the present work the ficqiieiicics between 1 Mllz and 24 MHz have been 
clioson with a view to avoid large errors in measurement at lower Irequciieies due 
to polarization at the electrodes while retaiunig the dispersive mechanisms 
I'cfcri ed to above Metallic film electrodes and a Q-nieicr have been used in these 
measurements to study the effect ol' salinity on the dielectric constant of natural 
lock specimens. 

AvrAltATUS USED 

A Q-ineter, by Messrs. Advance Ltd of England, M as used for tins purpose. 
TJic sample holder wan a completely covered and earthed brass box vith one itisii- 
labod electrode of 2*54 cm diameter The Uvo electrode surfaces to be in contact 
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with tJie .specimen wer’e carefully polished plane and parallel to within 1/20 mm 
and arranged one above the other as viewed through a microscope. Toroduco 
the edge effects, the specimens were made of diameters less than that of tli(‘ 
insulated electrode by about twice the specimen thickness as recommended by 
A^on Hippel (1956) and the edge of the insulated electrode was bevelled. Tlie 
connection between the Q-metor and the sample holder was effected through a 
specially prei>ared coaxial line of low capacitance and loss, having a length ol 
about no cm 

pREPARATIOJi OF THE SAMPLE AND METHOD OF MEASUREMENT 

iSpecimens were prepared from core-samples of homogeneous rock (very 
fine-gTained carbonaceous shale from Jharia near Dhanbad, India) with low poro- 
sity They w'ere lathed down to the rccpiired diamctei' and Hats vere sliced out, 
having thicknesses slightly larger than the required value, u.sing a csoiiper disc sav' 
imbedded with diamond bits. The flat faces were then polished to the roqiiiii'.d 
thickness and checked to bo within 1 /50 mm Thin aluminium foil was used as 
the electrode material and pasted on the specimen in the manner recommended 
(Von Hippel 1956) and held tightly in the sample holder. This system vas 
considered sufficient for the kind of measurement iindortalicii. At each chosen 
frequency the standard capacitor of the Q-mcter, ^^lllch is capable of an accuracy 
of 0.2 i)F, was adjusted for resonance This procedure was followed with ami 
without the specimen in position. The relative permittivity v^as caknilated as 
the ratio of the capacity of the condenser, with the specimon forming the modiinn, 
to the capacity of the same system wdth air as dielectric. Lo.ss tangent values 
could not be measured as these wore found somewhat larger than what miglit 
be Fiioasured accurately with the apjiaratus, e.spccially belov' 6 MHz. Tlio 
reliability of the instrument was fir.st tested using discs of jiaraffin wax aiifl 
polythene and the values obtained agreed very closely vith tho.se quoted in 
standard handbooks, which wore w'cll within the accuracy of 5 percent, claimed 
for the measurements. 

With any given specimen, three kinds of measurements were made wdth the 
specimen (a) remaining completely dry, (b) saturated with pure distilled v^ater 
and (c) saturated with pure aqueous solution of sodium chloride at'coucontratioiiK 
of 2.5, 5.0, 7 6, and 10.0 percent by weight. 

After the specimen was washed with pure benzene and dried, it was saturated 
with distilled water and dried several times to remove any dissolved salts. Finally 
tJic disc was dried thoroughly in a hot air oven Measurements were made on the 
sample quickly after cooling it in anhydrous calcium chloride. Sides of the di&^i 
wore not covered as readings obtained were found materially to be the same during 
dry summer days with or without cover Next the specimen was saturated with 
distilled water by forcing water into its pores with a vacuum pump. Immediately 
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after placing the speoiinon in the holder, reading« obtained every 15 minuteB 
lor one hour, and every one hour for 6 hours thereafter and the change in the rea- 
dings, if any, was observed as the specimen dried. It was found that initially the 
loss values wore largo and changing, though the capacity values remained almost 
steady. After a period of one to two hours depending on the atmospheric condi- 
tions, both the loss and the capacitance values were found to remain steady for 
ses'oral hours. The initial changes were attributed to the conductivity of the liquid 
adhering to the sidopS. Tlio steady values were recorded. In the third stage, the 
pspeuiimen was dried a.s aforesaid and then saturated with 2.5 percent aqueous 
solution of sodium chloride in iho same manner as with distilled water and data 
obtained. The specimen was then left in distilled water for several days with fre- 
(juent renewal of water to onsnre that all tho salt W'as removed. The removal was 
assumed to he complete when the readings obtained agreed with those at the 
second step described above The same procediue was followed before u-sing solu- 
l-ions of other concentrations. All tho data Avero obtained between temperature 
limits of 30°C and 3G°C. Lastly, readings w'cro also obtained with tho specimens 
pSiilurated with 10 percent aqueous solution of cane sugar for the reason given in 
the discussion of results The data are presented in tho table and gi aphs. 

Discussion 

As may be found from tho table and cm ves, the dielectric constant data show 
tJiree kinds of change, (a) At any frequency, d.e.c increases with increasing 
concentration and tond.s to a psteady value, (h) At any giA^en (‘.oiicentration of the 
salt in the poi*c fluid dee. decreases Avith increasing frequency and rapidly so 
from 0 to 1 MHz. (c) In tho case of the spetnmen saturated AA'ith distill(*d water 
and 2 5 percent solution, it i.s found that there i.s a slight fall and then a rise in 
d o.c. A’^alnes as the frequenej’^ decreases from 24 MHz. I'liis change is barely 
noticeable in the case of 5 percent and hardly so in 10 percent solution. 

The change (a) closely resembles the change in electrical conductivity of aqueous 
■sodium chloride solution as iLs conceutratioji inci'easops and is as to bo expected 
'Hie change (b) ipS also known to take place but the significance in this case is that 
it IS more than if the pore fluid were distilled water. Though the permittivity 
values may be increased by the presence of ions in a solid, this increase is expec- 
ted to appear onl}^ at much higher frequencies, liiterfacial effects are staled to 
contribute to the large d.e c. values at the frequencies of observation (Smyth 
H156). Thus the presence of ions at interfaces in rock specimens seems to 
accentuate the effect very considerably. This seems to be particularly noticeable 
below 3 MHz whereas, above 6 MHz there is only a nominal increase. That tho 
inns do play an important part becomes apparent if on© compares the permit- 
tivity values of the specimens with those obtained when they are saturated 
vnth solutions in water containing non-ionizing solutes, e.^,, sugar. Data for a 
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These values are ealeulated 021 the assumption that the frequency-dependent term m the empirical relation remains 
relation itself is taken to be valid only for specimens contaming some pore fluid 
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sppciinon sntni-atod Avilh J 0 ppT’coni iiqnooiis sobiiioii of caiio i=iuo:ar liav(‘ boon 
o1ilaino(l and ]n'osontod in i.lio l.ablo It inny })o soon tliat tboso valnos diffor 
insignificantly from tliose for distilled \^'ato^. 



l'’it?uri‘ J. Curvi^'s urc indicated us ; — • — diBiillod \vat(^ , — o — 2 5% 
++A++ 5% ; - - 7.5% ; X - 10% 



" Figure 2. Curves are similarly indicated as in figure 1 



542 


S. Rangachari 



LOCi— 

lOl I I i I 1. I 1 

6 0 6 2 6'4 6-6 6 0 7 0 72 7-4 

Figure 3. Curves are indicated as in fiigure 1 


No comprehoiisive theory for the dielectric behaviour of moist rocks soenis 
to be available wherefrom one can calculate even approximately the d e.c. and 
otlier properties if tlic physical conditions of the rock specimen are knovm. Hov - 
over, 8cott et al (1967) have given empirical relations for rough calculations of 
these values. Briefly, they have taken a very largo number of specimens and 
obtained data with varying water-contents and frequencies. The graphical 
presentation of the data has to be a log-log plot, a trial relation with unknown 
constants is choHoii, the data arc fed into a computer to obtain a good fit and the 
constants arc obtained from the computer. This has been done for a first and 
a second order fit. In this work under report, the coefficients of the first order 
equation have boon suitably changed and a term has been added to take salinity 
into account through n, the normality of the solution. The effort appears to 
have boon successful to the extent that the relation gives the trend of the changes 
The values calculated from the empirical relation given below are also pjeseuted 
in the table and graphs. 

The empirical relation used is, 

log h = 0.76+4.7 log (1 +m;)- 0.36 log/+-Ji (1-1/exp n)., 

where, k is the dielectric constant of the specimen, w, the water content by 
volume, / the frequency and n is the normality of the solution used. 
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The dispersion due to ions at the interfaces seems to vanish, at i'requeuoies 
above 9 MHz or so, and other complicating effects arc also in cvidonco at the 
higher frequencies. The empirical relation assumes dispersion at all frequencies 
and so the curves representing the calculated values are spread out even at 24 
MHz. Below about 6 MHz, the empirical relation gives nearly the same trend as 
curves depicting the observed values. However, it is recognised that more data 
vith moi'e specimens at lower frequencies are needed to make the equation more 
meaningful. Such measurements ai-c in progress and will ho reported shortly. 

CoNCIiTTSlON 

The salinity of the pore fluid hi natural -.state rocks does have a pronounced 
ollect on the d.e.c. values, especially below a certain Iretjnciiey which may depend 
on the specimen. The very large vabios of the observed d.o c. arc likely to be 
due to the presence of ions in the interlaces An\^ thc*ory on the dielectric pro- 
perties of natural-state rocks may' not be complete without including the effect 
of salinit}?^ of the pore fluids explicitly or implicitly. 

Acknowledgement 

The author is grateful to Dr J. Smgh, Senior Professor and Head of the De- 
partment of Apxilied Ccoxiliysics, Indian IScIiool of Mines, Dhanbad. for kindly 
providing with samples and the Q-meter, and for helpful disi‘ns.yi(ms Ho is also 
grateful to Prof 8, K. Mitra, Professor and Head of the Dex)arlmcnt of Physics 
and Matliomaties, Indian School of Mines, lor his constant encouragement 

Referenob 

tlowoll 13 P. & Liciiatro P. II. 1901 American Mineralogist, 46, 209. 

Kollor Q V. & Licaatro P. H. 19D0 Bull. U.B. Geol. Survey, No. 1052H. 

IjotVivi'O 1953 Dvpolc Moments, Ijrd edn , Mothueu Monograph 
Scott J ct al 1967 Jour Gcophys Research 20, No. 20 
Smgh J . & Jha B. P. 1965 Jour InJ Gcophys Union 2, 65. 

Smgh J. & Jha B. P. Jour. Rare & Appl. Gcophys. (in protis). 

Smyth C. P. 1956 Diclectrtc Behaviour anJ Structure, McGraw Hill. 

Von Hipperl A. R. 1950 Dielectric MeUeriah and Applications, Chapman Hall. 



Indian J. Phya. 44 . 544-503 (1970) 

Flow of a power law fluid in a rotating straight pipe. — I : 
Determination of flow field 
By Kanaka Raju 

Department of Applied Mathematics, Indian Insliiute of Science, 
Bangaloie,- 12, India 
{Received 18 Au^gust 1970) 

A Htoady flow of a iJowoi laAv fluid in a rotating straight pipe of cncnlar rross-soct uiii 
ih fImoiiMsotl in llic' prosont papoi. Tho flow fiold consists of a pi'iinary as ml floAr and i\ 
Bcicjondury su'irling flow in the mondian plane Jt is found tliat at low rotational speeds 
tlio awirl flow induced, due to l,he rotation is weak and syinmet i leal about the jilane of 
rotation in any crosH-aoetioii As the I'otatiou increases an almost shear free eontial 
legion and a boundary layer tyjio floiv at the offside end of Iho eross-si'ct loii df'velo[) 
Figures 1 to (i depict these results 

1 . INTKODFCTIOK 

Noii-Nowtoiitiin tiiiids aro found to be botiei’ boat iraiLsport jiiedia than iho con- 
ventional Newtonian fluids as ])ointed out by Kraas & Ozisik (1905) Tliojvfoit* 
the licat transl'cr jdicuoiTUMia in the flow of non- Newtonian fluids tue of iiujiortaiice 
and need tluiroiigli investigation Many of tlie coolers use rotating dovicos anii 
intrinsic cooling of rotating devices Ibemsolvcs are- of great importance. Hence 
the study of flow of a non-Newtonian fluid in rot.ating pipes is of praetical impor- 
tance. Tlie lomporatui e distribution m any coolant is governed not only by the 
heat conduction but is very much deperdont on the flow behaviour of the fluid 
as well as coiivccfivc cffcctH as seen from B-aju & Ralhiia (1970) We first 
study the flow field of a pow'^er law^ fluid in a rotating straiglit jiipe of circular 
cross-section in this part and consider the heat and mass tiansfer in a suhsoffueiit 
pa])e]' Wo have chosen power law fluids because amongst, the class of nnn-Now- 
tonian fluids they have the minimum number of empirical constants in their consti- 
tutive cejuation Alsu many leahstic fluids can bo approximated by pow'cr lav' 
fluids For instance, blood plasma can be treated a.y a power law fluid witli flow 
beliaviour index, v — 0.92 and many other high polymer solutions^also behave 
similarly. 

The corresponding flow' in a rotating straight pipe for viscous inoompressihJe 
Ncwdoniaii fluids foi* small angular speeds of rotation was first investigated by 
Barua (1954). Ho i'ound that the flow' field consists of a primary axial flow and 
a weak swirling secondary flow This rc.semhloH the flow' generated in a curved 
pipe studied extensively by Dean (1927) and others. These investigations utilize 
mainly the perturbation toclmique Recently, a diffei'ent approach to this prob- 
lem has been made by Jones & Walters (1967). They determine the flow in the 
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neighbourhood of the axis of rotation assuming that the meridional flow is shear 
free, following Dean & Hurst (1959). Because of this limitation, even though 
they obtain simpler equations and approximate flux, their solution is not valid 
away from the axis. Especially it does not satisfy the bomidary conditions. 

But the heat transfer phenomena critically depend on the behaviour of the swirl 
flow near the boundary, as shown earlier by Baju & Rathna (1970), owing to 
the fact that the convective heat transfer is not negligible Consequently, the 
perturbation technique developed by Barua gives better results though res- 
tricted to small rotational speeds. 

We determine the swirl flow induced by the rotation of the pipe in a primary 
pressure driven axial shear floAV as a power series in rotational speed in the next 
section. We give a detailed discussion of the flow field later on. In part 2 w’^e 
tlelermiiio the temperature field and study the behaviour of Nusselt number with 
Dean’s number as well as rotation. 

Foumulation op the peoblem 

As given by Tomita (1959), the constitutive equation for a pow'^er law fluid is 

T = (2.1) 

where T is the stress tensor, E is the rate of strain tensor, fip a constant and 

0 = 12-2) 

% being the flow behaviour index. 

Consider the steady flow of the above fluid in a stright pipe rotating uni- 
formly with an angular speed 12. For simplicity of oxj)ressions, we refei the 
motion to a Cartesian frame of reference fixed in ilie pipe and rotating with it, 
such that the X-axis is along the axis of rotation and the Z-axis is along the 
axis of the pipe. The equations of continuity and momentum are 

di/, ^0 ■■■ (2.3) 

dX ^ dY 

~ +F - Iy] 

-2Qiy+l7 If = “'ir +^sy §Y ] 

... (2.4) 

2QF+1/ Ir = - 4 H 

... ( 2 . 6 ) 


i 
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where U{X, 7), V(X, Y) and W{X , Y) are the velocity components in the direc- 
lions of X, Y and Z, respectively and vp — jiiplp. The boundary conditions are 

r= Tr = 0 on 7) = 0, ... (2.7) 

where F{X, 7) = 0 is the equation to the cross-section of the pipe. We intro- 
duce the stream function \jr by 


t/ = 



d\lr 

dX 


( 2 . 8 ) 


(Substituting (2.8) in (2.4) to (2.6) and eliminating the pressure gradient term, 
we obtain 


_d d ] (d^i/r , ay \ dw 

[ dX ’ dY dY ' dX J \dX^'^ dYV dX 

^ .J0VV+-^® (2-^+2 (2 ^^.t + 2 

® L'JV v-r dXdr<> ^ OX^ J ' 57 I 5Y’ ^ dX^dYl 


+ 4 


dXd7 ■ dld7 


XdY '^\dX'^ d72 / \dX‘^ d72 / J 


and 




1 dP 


(2,9) 

0 

... ( 2 . 10 ) 
Hie 


where C = -^ is the given constant axial pressure gradient. To study 

flow in a circular pipe of radius a we transform to cylindrical polar coordinates 
defined by 

Z = i? sin d 

Y = Rcosd ... (2.11) 

Z = Z 

Further, let 

B = ar\ \jr = W — Ww; 

0 = ®i 

where U and W are characteristic velocities given by 


( 2 . 12 ) 


IJ — 

\ Vp I 


\V^ 


v 

(Ca^+i 


Y 


(2.13) 
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We expand the flow fleld in the form 
= 


iL^l fL 

K 




<?)+... 


(2.14) 


where the non-dimensional constant K is given by 


K=^ 


Ga 


(2 16) 


Substituting (2,11) and (2.14) in (2 9) and (2 10) and comparing equal powers of 

— wo get the equations satisfied by various order terms. 

KW 

The differential equation for w;(,(r) is 


r / dw„ y 

n-1 

l\ dr / 

J L 


with the boundary condition 


The well known solution of (2.16) is 


fn-H-u ’i = _i 

L dr* r dr ) 

... (2.16) 

= 0, on r = ] . 

3 

... (2.17) 

~ (l-ri+i/»), 

... (2.18) 


which is the solution of the pressure driven axial flow. We call this tlie primary 
motion of the problem. It is ui‘ interest to luite that for — 1, this reduces to 
Voiseuille flow. 

The differential equation for is of the form 

2n~-l 1 271-1 d^ijr^ . 2n-l ^ 5^1 

dr^ ^ 71-2 -ya g-p - „2 ' y.2 'g^ ' r‘ dr® 

__ 1 2 a^i _L? 4-i I 1 

n ■ r® ' drdd^ ‘ drm^ ^ r* d0*‘^ r^ dd® 

= «ine.[|]^, (2-19) 

with the boundary conditions 

^ =^1. =0 on r = J, 
dr dd 


( 2 . 20 ) 
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Solving 

whei’e 

and 


fa = 9i*') sin d 

g{r) == 




C" = 


2(2-w)/»- 4(/i.+l)(3ri+l)'(?i2+4/t+l)" 


2n ^ ~ 2n 


... (2.21) 
(2 22 ) 


... (2.23) 


With (2.18) and (2.21), it can bo soon that satisfies the difierential oquattion, 


«-ri+(2?i— l)r 
dr^ dr 


j cos 6. 
(2.24) 

the boundary condition being 

Wj = 0, on r = 1, 

(2.26) 

The solution for is 

Wi = F{r) cos 6. 

(2.26) 

F{r) is given by 



J(r) = f 

1 . (l-ri+»/n) + ■>+'!«) 

J L 2(w+l)2 (?'w+l)(w«+2+n) 



-1 (l_r3M+3)'| 

^12(7i+l)’*' M 

(2.27) 


where A', B', C and s are given in (2.23). 

This gives the solution up to the first order in the rotation parameters. We have 
carried out the analysis to the second order terms as well The expressions are 
complicated and lengthy. The order of magnitude of successive terms doorcases 
vary rapidly and the principal features of the flow are given by first order term 
itself. 
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Discussion op the eesults 

Tn order to study the aoliition (2 18), (2.21) and (2.26) we consider in detail 
throe flow behaviour indices, n ~ 0.8 (psuedoplastic), n — 1.0 (Newtonian) and 
71 — 1.2 (dilatant) which cover almost the whole range of power law fluids met with 
in practice. For instance bhiod plasma can be treated us a psuedoplastic liquid 
with n — 0.92 Secondly, we consider the cases of very small and fairly high rota- 
tional speeds. The velocity profiles are drawn for low rotational speedvs in figures 
1 , 3 and 5, and for high rotational speeds in figures 2, 4 and 6 for ?? -- 0.8, 1 .0 and 
1 . 2 . 

The secondary meridional flov^ is symmetrical about the plane of rotation 
in any cross-section At low rotational speeds the swirl flow generated is weak, 
But as the rotational speed increases an almost shear free region develops in the 
central region with a boundary layer typo flow at the offside end of the cross 
-section towards which the coi’iolis force acts The swirl flow detaches from the 
boundary and flows inside at the onside end of the cro-ss-section. These conclu- 
sions are evident from the figures as well. This action oi coriolis force is similar 
to the effect of centrifugal force due to curvature of a bent pipe, studied earlier 
by McjConaloguo & 8rivastava (1968) for Newtonian fluids and by Raju & 
Rathna (1970) for power law fluids. Here this force is proportional to rotational 
speed and the pressure driven axial flow, and consequently not as strong as in the 
case of cui'vature effect, where it is proportional to square of the axial flow. 


In all figures broken lines refer io = constant and unbroken lines to TT constant. 



Figure 1. Seoondaiy flow field for the Newtonian fluid at low rotational speeds (n = l.O). 
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Figure 6. Secondary flow field for a psoudoplastic fluid at high rotational speods (n = 0.8). 


The following table gives the relative maxima of the axial 
speeds and positions where they occur. 

Table 1 


n 

Low rotational epeede 

High rotational speediEi 


Point of 
occur itig 

Wmax 

Point ol 
occ living 

U.8 

0.4474 

r = 0.1 

0.5163 

r = 0,3 

1.0 

0.5098 

r = 0.1 

0.0300 

r = 0.3 

1.2 

0.6060 

r = 0.1 

0.7064 

r = 0.3 


It is seen that the increases with the increasing values of n which may be 

explained by considering the fact that the psuedoplastic fluids (n = 0.8) sustain 
loss strain and dilatant fluids (n = 1 .2) sustain more strain. We notice that the 
point, where Wf„a^ occurs, shifts towards the offside as the rotation increases, 
but there is no variation in its occurrence with the flow behavioiu- index, n. 
This behaviour of flow field has great significance in the convective heat transfer 
pattern that develops. 
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Propagation of oblique shock waves in the troposphere 

By V. P. Singh 

Terminal Ballistics Research LahorcUry, Chandigarh 

AND 

PREM KtTMAR 

Indian Institute of Technology, Delhi 
{Received 20 November 1970 — Revised 21 April 1971) 

Propagation of the shock waves, when propagated at a constant angle to the vertical, 
in the troposphere, is discussed. Tn a special case, the results of an earlier paper ave 
deduced. 


Inteoddotion 

Propagation of shock waves in the earth’s atmosphere in the vortical direction 
was discussed by ISiiigh (19G9), in which the model of Mitra (1952) was used witli 
minor changes. It was found that the shook velocity increases as the shock front 
propagates in the vertically upward direction. In the isotliei’inal part of the at- 
mosphere, the increase in shock velocity is smaller, but larger in layers whore the 
temperature decreases. At a height of 78 44 km the fluid velocity behind the ejiock 
front becomes greater than the escape velocity. In this paper, wo generalize 
the idea of previous work for oblique shock waves. Propagation of shock wave 
IS considered only in the troposphere. Curvature of the earth is negleciod, so 
that density, pressure and temperature of the atmosphere are varying in planes 
parallel to the surface ol the earth. We consider the component of the shock 
front making angle 6 to the vertical, so that the planes of variation of thermody- 
namical parameters are inclined at an angle 6 to the shock surface which is 
assumed to be plane 

It is found that the rate of increase of shock velocity decreases as 0 increases, 
being the maximum in vertical direction. In figure 2, the variation of shock 
velocity is shown for 0 = 0, tt/G, 7r/4 as the shock projiagates in the troposphere. 
In figure 3 the shock envelope at different interv^als of time is drAwm. 

Formulation of the problem 

If we take the point of explosion as origin and denote it by 0, r^ the radius 
vector, 0 the angle made by the radius vector to the vertical and g^^ the acceleration 
due to gravity at a distance from the origin, then 

( R^-^-r^cosO ) ■■■ 

whore gg the value of g^ at the surface of the earth, and R^ the radius of the earth 

564 
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We assume that there is an explosion at the point 0, which is on the surface 
of the eaith. Shock wave created by the explosion propagates in all directions. 
We consider the component of the shock which propagates along the radius vector 
?*() and inclined at an angle 0 to the vertical. For simplicity we assume that the 
shock front is plane. 

Let p^, ps, Tg, and Pq, p^, be the pressure, density and absolute temperature 
at the surface of the earth and at a radial distance Vq, and u, U, p, p, r, K, t, and 
f/ bo the dimensionless fluid velocity, shock velocity, gas pressure, density, radius 
vector, earth s radius, time, and acceleration due to gravity^ given by ISingh 
(1069) in equation (4). Then equations of motion in terms of dimensionless para- 
meters are given by 


dp 

dt 


^ dr^'^dr 


= 0 


du 

dt 


I I 

+V+ 


1 , / ^ _ 

p dr ' \ cos 0 


) 


2 

COB d 0 




(pp-y) 0 


... ( 2 ) 


[u equilibrium conditions the variation of pressure in the atmosphere is given by 


p \ R+^ cos d / T 


... (3) 


wliere T is the dimensionless absolute temperature 
earth 


p, = RpsTg 


such that at the surface of the 


... (4) 


It being the gas constant. Here we have assumed that there is no wind in the 
troposphere 


When shock created at point 0 roaches the distance jump conditions across 
the shock front at r = ^ are, (Pai, 1959, Singh 1909) 

U) = —pv ■] 


Pi-P = I 

y Ps I _ y P^Pl. I 

'y-ip 2 2 r-1 P 2 J 


... (6) 


where pg, values of p, p, u behind the shock front and y being adi- 

batic gas constant. Quantities behind the shock front are functions of ^ and t 
whereas, ahead the shock front they are functions of ^ alone, f being the shock 
position. It is assumed that fluid velocity u in front of the shock is zero. Solving 
relations (6) for Wg, pg, pa in terms of Mach number M, defined as 

M^UliypIp)^ 
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we got 

P!i(f,o = 7r.^/(jf) :■ 

pd(, I) - 

where 

g{M) = 

c2 = 

To visualize the problem we must know four unkiiovm variables U 2 , p,, p.,an(l 
M in terms of p, p To relate these four variables wo have throe jump conditions 
(6). One extra relation between these four variables is required, which we get 
fiorn the rule deviced by Whitham (1958). According to the rule, we write oquo- 
tions of motion just behind the shock front along the positive characteristic axis 
In this equation wo substitute the expressions for u^, Pa horn (6). 

Equation of motion along the positive characteristic axis, just behind the 
shock front is 

dpi+PiC^Ui+ I ]‘cos0(if = O ... (P) 

«2+Ca \ £+1 cosO/ 

whore ^ is the shock position. Using relations (G) in (8) and after some simpli- 
fications we get, 

M p ' ' c 

\ ffi+f cos 0 I " ■■■ ' ' 

= - ( 10 ) 

Relation (9) gives the variation of M, if p and c are known. If the variation of 
absolute temperature is known, the pressure can be found from (3) and thus M 
can be calculated from (9), 
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Wo discuss below the variation of M as the shook propagates in the tropos- 
phere. As the height of troposphere is very small compared to the radius of the 
earth, our assumption, that the earth’s sui'face round the location is plane, is 
justified . 


Shock waves in the tbofospheee 


In the troposphere, which extends upto a height of 10 kilometers above the 
equator, the gases are in adiabatic equilibrium fn this region the variation of 
pressure and the equation of state in terms of dimensionloss parameters p, p. 
can be writtes as 


1 dp _ _ 

-( * ) 

p dr 

\ 5+r cos 0 f 


( 11 ) 


Combining (11) and (12) we get after some simplifications 


r-1 


dr 


= — (— ^ 
\ cos d / 


(12 

(13) 


Iiitogratiiig (13) from the surface of the earth, whore r = 0, p = 1 to the 
ouiTent point r, where density is p, wo get, 



.Rreos^ 1(v— n 
cos 0 J 


... (Ua) 


From this we can easily get pressure p and temperature T as follows 

y 

_ [, y— 1 Rrcos0 1 7—1 
^ I y ' ^4*r cos 0 ) 

[1-1 


y— 1 R r cos 6 
^ jj+r cos^ 


1 


(Ub) 

(14o) 


Substituting the values of p and c at r = ^ from equations (14) and (17) in 
equation (9) after some simplifications we got 


2 m 

M 



... (15) 


where 


K,{M) = um- 


( 16 a) 
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K,{M) ^ 


I fm- 


{y+lfjyM^h(M) 




K iM) = 


... (IBb) 

... (16c) 


In figure ], we have drawn the value of K,{M) vcrsur, M, lor y — 1.4. It 
is found that the variation of K^iM) is small for JIf ^ 3. as compared to the varia- 
tions of M. 



fifAC’/ KJfititn M 


Figure 1. Variation of Krj{M) versus M. 


From figure 1, it ia seen that K^{M) increases sharply as M increases from 
1 to 3, having values 0 and 0.515G at Jlf = 1 and 3, respectively. When M increases 
from 3 oinvard, it’s variation becomes negligible. We take the value of M at 
the surface of earth as equal to 4. Thus if wo take K^{M), which no doubt is a 
function of M, as a constant and evaluate 31 from equation (16), the error is less 
than 2% This error decreases as M increases. This fact can easily-be seen from 
figure 1, where the curve showing the variation of K^{31), becomes a straight 
line as M becomes greater than 4. 

Thus we neglect the variations in K^{3i) in the process of integration of the 
equation (15). Integrating (15) and taking K2{3i) as a constant during integra- 
tion, wo get, 


M = 

L r 


&+( cos e J 


(16) 
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where Ms is the values of M at ^ = 0. From (16), (14) and the definition of M, 
we get shock velocity 17, given by, 

U = VrM. f 1 -1^ )/* (17) 

*■ y ie+^ cos e J 

Relations (16) and (17) give the variation of Mach number and the shock velocity 
as the shock propagates along the radial distance at an angle 0 to the vertical. 
In figure 2, we have drawn the variation of shock velocity versus dimensionless 





Figurti 2 Variation of ahook volocii.y U ocrstis tln-» radial diKianco 


shock position f for 61 = 0, ;r/6, ;r/4. It is seen that the rate of increase of shock 
velocity decreases with the increase of 0 

Equation (17) can be written as. 

Af = v'rJfJl--”-’ ... (18) 

L y .B+f C 03 e J 

where 

^ = 1 / 
dt 


From (18) we can compute the distance ^ at a particular time t. In figure 
3, we have drawn the shook envelop at different time intervals after the explosion. 
All the figures are drawn in the dimensionless parameters. 


OONOLUSION 

In figure 2 we have plotted the variation of shock velocity in non-dimen- 
aional form. Here we have used the following data to nondimensionalize. gr, — 
981 cm/aec2, p, = 10« dylles/cm^ = 1.3x10"® gm/om®, a 1276.3x10“® cm"^ 
From computations we find that the shook velocity at a distance 9.4 km is 1.807, 
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Figure U. Position ol' shock front at dimensionless times 0.02, 0 1, 0.2 the origin being the 
point of explosion. 

1.783, 1.712, 1.614 km/sec for 6 = 0, 7r/12, njO 7r/4, respectively. Tt is seen that 
the rate of increase of shock velocity is less for larger values of 0. 

In liguro 3 we have drawn the shock envelope at time intervals of 0.5665, 
2.8275, 5.6550 seconds, respectively. It is shown that in a specific time the 
distance covered by the shock wave decreases as 6 increases from 0 to 7r/2, being 
maximum for 6 — 0. In all the above calculations, the initial shock velooitj^ is 
taken to be 1.313 km/soc 
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Crystal and molecular structure of piperidine hydrochloride 

By J. K. Datta Gupta and N. N. Saha 
Crystallography and Molecular Biology Division, 

Saha Institute of N^iclear Physics, Calcutta-^ 

{Received 2 March 1971) 


The structure of piperidine in the form of its different hydrolialides has been 
uudoitakeii by us as a part of our major program on the structure and functions 
of biomolocules. The present communication deals with the structure determi* 
nation of piperidine hydrochloride by heavy atom technique 

Single crystals were grown by slow evaporation of an aqueous solution of this 
compound at room temperature. The crystals thus grown are needle shaped, 
the needle axis being parallel to 6-axis. The unit cell dimensions as revealed by 
VVeissonberg, oscillation and rotation photographs taken about 6- and a-axos, 
using CuKa radiation arc : 

a = 9.68A 
6 = 7.40l 
c = 9.67A 

a ■-=:/?== 7 = OO*" 


Systematic absences of reflections in Weissonberg photographs indicate that the 
space group may be either Pbcm or Pbc2^. Throe dimensional analysis at a later 
stage confirmed that the space group is Pbcm, Density data {pm, = 1.14: gm/cc, 
p^^i ^ 1.16 gm/cc) indicate that there are four formula units (C^HijN.HCl) per 
unit cell. Multiple-film equi-inclination Weissenberg teohm'quo was used to re- 
cord intensities on layers feO? to 66? and Ohl. The position of the heavy atom 
(chlorine) in the miit cell was located from three dimensional Patterson synthesis. 


Three dimensional Fourier synthesis was computed vith the phase of the heavy 
atom on GDC 3600 at T.I.F.R., Bombay, using the program written by 
Blount. A spoke and bead model was constructed which satisfied the stereo- 
chemistry. 

Refinement was carried out by the method of full matrix least squares using 
Uic modified (Srikanta) program of Busing, Martin & Levy (1962) vdth isotropic 

2 j I ^ I j F I I 

temperature factors. The discrepancy tactor R = 


stage was 0.14. 
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TJie structure Avas further refined using individual anisotropic temperature 
lactors for the noii-hydrogoii atoms, iJ-valuo at this stage being 0.11. A three- 
dimensional difference Fourier synthesis using all the reflections revealed tJie 
iiydrogon atom positions. Structure factor calculations including the hydi'ogen 
atoms were carried out and the final value is 0.094. The atomic parameters 
and anisotropic temperature factors for the atoms are given in table 1 
and intramolecular bond lengths and bond angles are given in table 2. Tlui 


Table 1 

a) Atomic parameters 


Atom 

xja 

yi^ 

zjc 

01 

0.17334 

0.03633 

0.25 

N 

0.1420(i 

0.45723 

0.25 

C(l) 

0 34090 

0.49669 

0.11550 

0(2) 

0.19292 

0.64043 

0.12009 

0(3) 

0,40814 

0.58608 

0.25 

C(r) 

0.34690 

0.49669 

0.38450 

0(2') 

0.19292 

0.54043 

0.37991 


h) Anisotropic temperature coefficients'^ 




PZ2 /»J3 

/h2 

Pu 

/?2a 

i;i 

0.00540 

0.00980 0.00923 

-0.00015 

0.0000 

0.0000 

N 

0.004 18 

0.02505 0.00327 

-0.00078 

0 0000 

0 0000 

C(J) 

0 01202 

0.03416 0 01866 

0 00378 

0 00188 

0.00137 

C(2) 

0.01064 

0.03139 0.00765 

0.00692 - 

-0.00049 

0.00123 

C(3) 

0.00684 

0 01344 0.03608 

0,00312 

0.0000 

o.oooo 

* In the expre.ssion 



Table 2. 

Intramolecular bond lengths and bond angles 


Bond longth (A) 

Bond angle (dogroo) 



Cl— N 

3.088 

Cl— N— C(2) 


112 


N— C(2) 

1.478 

N-C(2)— C(l) 

105 


C(l)-C(2) 

1 . 526 

C(2)— C(l)- 

■C(3) 

105 


C(l)-C(3) 

1 . 569 

C(l)-C(3)- 

■C(r) 

112 
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piporidiiio ring has been found to assume a chair oonfigiu*ation. A mirror parallel 
to xy piano at a: — 1/4 passes tlirougli the molecule. Atoms Cl, N, C(3) lie on tlio 
mirror and 0(1'), C(2') (figures 1 and 2) arc mirror images of C(l) and C(2), The 

% % 
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molecules as viewed down 6 and c-axes are shown in figure 1 and figure 2, respec- 
tively. The molecules are hold together by a three-dimensional net work of 
hydrogen bonds of the type N-H ... Cl, as can be .seen from figure 3, a projection 
down c-axis. 

At the final stage of the structural solution of this compound, our attention 
was drawn to a paper on this compound published by Rerat (1960) with R value 
of 0.26. In his refinement of the structure, anisotropic temperature factors were 
not used. The hydrogen atom positions also were not located. His findings, 
e.g. bond lengths and bond angles, differ considerably from ours. The detailed 
paper will bo published elsewhere. 



Figure 3, Intermolccular ptickiiig projected down c-axia^ 


Repeeenoes 

Busing W. R„ Marlin, K. 0. & Levy H. A. 1962 Least Squares Refinement {XFLS) Programme 
Rerat Par C. 1060 Acta Cryat. 13, 72, 
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A note concerning second and third order optical and 
magneto-optical activity 

By Debashir Mttkhebjee and Minni Chowdhuby 
Presidency College^ OalcMitaA^ 

{Received 22 Mm/, 1971) 

Recently the optical rotatory dispersion (ORD) and circular dicliroism 
(CD) and their maj^netic analogues — ^the magneto-optical rotatory dispersion 
(MORD) and magnetic circular dicliroism (MOD) have received considerable 
interest in spectral investigations of molecular structure (Buckingham & 
Stephens 1966). For light of very high intensity, eg. a laser beam, the mole- 
cular response to the light is nonlinear and this gives rise to multiphoton 
absorption and harmonic generation (Armstrong et al 1962). We have looked 
into the significance of bi-pbotonic absorption and second harmonic generation 
in relation to optical and magneto-optical rotations, and have derived expressions 
for the latter. 

We have used the formalism of quantized field and have decomposed the elec- 
tric and the magnetic field vector of the light in terms of Fourier components 
and Creation and Annihilation operators (Heitlor 1953) The expressions for 
rotation of the plane of polarization of the incident light and its ollipticity are 
obtained as the expectation values of the corresponding Stokes operators (Jauch 
& Rohrlich 1955). In our description of the near-resonance processes, the gene- 
ralised perturbation theory of Heitlor & Ma (1949) revived by Hameka (1962) 
was used. The process of second harmonic generation does not conserve the total 
nuTubor of photons, and therefore, we have resorted to an oscillatory coherent 
wave-packet description of the incident light. 

Our main conclusions are as follows ; 

1) The optical and magneto-optical rotations should show a dispersion 
anomaly at the second harmonic frequency corresponding to the biphotonic 
absorption band. 

The general expression for the complex rotation is given by 
f non-linear- 

( 4^,2 — 


m 
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Hero T is thci inipcnsity of the incident light beam of frequency w; wz, w// and 
tVf„ are excitation energies for states /, I' and m, respectively; yi, yr f^i^d aie 
the corresponding band-widths; and Av denotes averaging with resyject to mole- 
cular orientations. The matrix elements Ai'm and are given by 

— ^i/xxx-\~^(eVvx 

xyyx~\~^xy«y~\~^yyxx ^ xxxx 

whore 

and arc the abbreviations of 

<a I 1 1> <l\Dfl\ w?-> <m 1 7)^ | Z'> <V \ A | o > and 
<a I Ma I />< ^ I Dji I m> <m | Dy | V> <V | Dg | «> resi)ectively . 

Quantities like A and Ma denote the component of electric and magnetic dipole 
operators, respectively, and |n> the gi’ound state of the molecules. 

(2) The third order optical birefringence is observable only for molecules 
lacking plane.s of reflection sjnnmetry, and third order o])tical rotation i.s observ- 
able only for molecules lacking planes of reflection symmetry and/or inversion 
symmetry — the requirements being the same as those for linear birefringence and 
optical activity, respectively. These follow from the symmetries of matrix-Cile- 
ments A/'/» and 

(3) If an intense polarized light beam, containing a small amount of co- 
licrently matched similarly polarised second harmonic, is allowed to pass through 
a substance along or perpendicular to the direction of the magnetic field, a 
magneto -optical rotation of the second harmonic may occur due to the production 
of a second harmonic polarised perpendicular to the incident beam 

(4) An optical rotation of a generated second harmonic should occur for a 
set-up as in (3) in the absence of a magnetic field for crystals lacking centre of 
inversion symmetry, the conditions being the same as those for second harmonic 
generation. 

(5) The above non-linoar effects will be observable at high photon densities 
(;:il0‘^®) achievable with laser source. 

The dispersion curves for the above non-linear processes contain contribution 
from states which arc ordinarily inaccessible due to the forbiddenness of the ordi- 
nary transitions In addition, the high-lying exi cited states might bo located 
by observing the dispersion anomaly of the inducing light due to third order optical 
and Faraday rotation. The linear dispersion anomaly in this case may be very 
difficult to observe because of technical difficulties to be faced at short wave 
leiigtlis. 
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The details of the derivation and expressions for the above-mentioned non- 
linear effects will be published soon 
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BOOK REVIEW 


The Structure and Chemistry of Solid Surfaces 

Edited by Gabor A. Somorjai, John Wiley <£* Sons Inc,, New York, 
London, Sydney, Toronto, 1969 (pp 1673+XXIV), price $ 37.60 

Tho Inorgtmit) Malenal Rosoarch Division of Lawi-enoo Radiation Laboratory organized 
HCiveral Byiiijjosja on material science during the last couple of years. The International Con^ 
feronco on “The Structure and Chemistry of the Sohd Surfaces” hold at the University of Cali- 
fornia, Berkeley during Juno 17-21, 19G8 was the fourth in the series. The total munbor ol 
papers presented nils about 84 and the present book is the photo offset lithographic reproduc- 
tion of the above papers. 'I’he above topic has attained new importance in recent times and 
hence a eo-ordiuated approach, both from theoretical and experimental points of view, especially 
on recent advances m the study of surface structure, chemistry of solid surfaces, nature ul 
adsorbed layers, electronic and atomic structures of clean surface, etc. is no doubt a timely one 
Nuraoious experimental results by LEED technique, field ion and field emission microscopy, 
oloctron spoctipscopy, molecular beam scattering method, olipsometry, etc were presonleil 
at the above Conference. Majority of the papers, however, deals with LEEJl teohniquo, a 
very ijoweriul tool, for the study of surface layer of clean single crystals, and also of the ad- 
Horbed layers formed by exposure to different environments The authois emphaaiaed iiol 
only the importance of the teohniquo but also the pitfalls involved due to the compluxitii's 
111 interpiotations of LEED patterns. The theoretical approach mainly concerns Avith' the 
energetic conditions of surfaces of clean as well as adsorbed layers Some of the papers an’ 
quite exhaustive and the length vanOiS from 20-60 pagos m a number of oases. One important 
teohniquo nonjely HEED method has however been completely left out of tho scope of presoiit 
conference probably due to the paucity of time. 

This book will be an aB.set to anyone interested in the surface structure and ith chemistry 
and must be kept in all libraries. Considering tho volume of this book, contributions from au 
many well-known authors and the quality of reproduction, the price i,s not high, though it 
may be well beyond the purse of an individual. 
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Interaction of electromagnetic field with matter 
(angular momentum basis) 

By B. S. Rajput 

Department of Physios, Kurukshetra University, Kurukshetra 
{Received 22 December 1970) 

Rodiicod expansions of electromagnetic fields are derived in terms ol irreducible lepro- 
HPiitatioiis of proper, orthochronoub, inhomogoiieouB Loreniz gioiiji in angular momentum 
basis. The second quantized expansions, rlenvcd by leplncmg photon wavefunetions 
and their complex conjugates by annihilation and creation operatois in the reduced 
expansion, are given m terms of vector spherical harmonica with annihilation and crea- 
tion operators as umphtudes For calculating the interaction Hamiltonian, when elet‘- 
tromagnetio field is coupled to an atom, the second quantized expansion of three 
cumponenta trauaverse electromagnetic vector potential is used to avoid fictitious photons 
of hoi ioitj' other than (spin) and subsidiary state vector condition and to overcome 
the difliculty of vanishing amplitude for emission or absoiptiori of photon as p— >0. The 
seloolion rules, derived in the relativistically quantized manner, are identical with already 
known solec- lion rules for classical radiation fields, except that here the photon toices 
or supplies angular uiomoidum to conserve the total angular momentum of the systoin. 

Introduction 

Jt luis been shown by Koba, Tati & Tomonago (1947) and Schwinger (1948) that 
1-0 pass ovei' from tho Heisenberg representation to the interaction representataon, 
tlic Hiipplementary condition due to Fermi for liie elcctj’oinagnetic field has to be 
modified by adding a charge term becaiiso this condition involves one difficulty 
tliat there is no normalized state which satisfies it, as shown by Ma (1949) and 
Rclinfante (1949). To overcome this difficulty, Gupta (1950) has given a new 
treatment for the longitudinal part of the electromagnetic lield where an indefinite 
inetrie has been used for scalar photons. Weinberg (19G5) preferred to avoid 
indefinite metric and photons of lielicity other than d^- j (spin) by treating them as 
the rough conclusions of the fact that no symmetric tensoi" fields of rank j can be 
eouHti'iicted from the creation and annihilation operators of massless particles ol 
spill j. He further proved that the most general covariant field that can be cons- 
t'l’iicted from such operators cannot represent real photon intei'action because they 
.1l,ivc the amplitudes for emission and absorption of massless particles which vanish 
iis p-' for momentum p-*0. 

The transformation of the fu'st order Loreutz gauge formulation into the radia- 
tion gauge was done by Schwinger (1963) by decomposing the complementary 
holds into longitudinal and transverse fields and by eliminating tho longitudinal 
holds (spin-zero components) from the physical quantities This elimination of 
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longituflinal fields is always advantageous for the ph5?^sical system containing 
photons, as proved by Weinberg (1964) that the zero mass has a special kind of 
djniamical self-consistency for spin-l (transverse part) which it would not ha\(‘ 
for zero-spin (longitudinal part). 

To avoid the use of fictitious photons of helicity other than j or the inde6iiit,o 
metric and subsidiary state- vector conditions and to overcome the difficulty oi 
vanishing amplitude for emission or absorption of photons as avg use 

here the three components transverse electromagnetic vector potential, curl of 
which gives the fields, for the study of interaction of electromagnetic fields For 
this purpose we use our results of reduction of electromagnetic fields, in linear 
(Rajput 1970a) and angular (Rajput 1969a) momentum basis, to the irreducible 
representation of proper, orthochronous, inhomogeneous Lorentz group Tiiegc 
results have been derived by using our results for the reductions of antisymmetric 
tensor (Rajjmt 1969b, 1969c) scalar (Rajput 1969d) and three- com ponents veclo)' 
(Rajput 1969e) fields. Using these results, we also derived the reductions ol 
generalized electromagnetic fields in presence of magnetic monopoles, for zero 
(Rajput 1970b) and nonzero (Rajput & Singh 1970) mass systems. Tn all these 
reduced expansions we decomposed the complementary fields into longitudinal and 
transverse parts, and omitted the longitudinal and scalar parts by sotting them 
equal to zero fur the physical systems. 

To second quantize the electromagnetic fields the photon wavefunctions and 
their complex conjugates, in their reduced expansions on angular momentum 
basis, arc replaced by annihilation and creation operators. Using these second 
quantized reduced expansions the interaction Hamiltonian, for the study of intci - 
action of electromagnetic fields with atom, has been calculated. The selection 
rules derived here are identical to those derived by Blait-Weiskopf (1952) and Ro.s(' 
(1957) for classical fields, except that here the photon takes or supplies the angubu- 
momentum in order to conserve the total angular momentum of the atomic system 
The probability of the emission of a photon by an atom is proved proportional to 
(a-|-l) where n is the number of photons of a given kind in the interacting field, 
This explains the si)ontaneous omission, since the probability for no xjhoton m 
tli(^ system is different from zero. Using similar x)rocedure we have derived similar 
results for linear momentum representation in an earlier pajjcr (Rajjiut ]970o)- 
Our procedure, in contrast Avith that of Davydov (1965), is completely relativi.stie 
where i)hoton AA^aA^dunctions are introduced explicitly. 

PvEDTJCTTON OF ELEOTROMAGNEno FIELDS IN ANGULAR MOMENTUM BASIS 

lu the angular momentum basis a AA'^avefunction is given in terms of inagm- 
t.ude. of linear momentum p, the total angular momentum quantum immber 
the quantum number m of (the z-components of angular momentum) and the 
ludi(!ily d In this basis the reduced cxi)anHion» of electric and magiietjc fields 
arc defined as (Rajiiut 1969a), 
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E{x, t) = E^{x, t)+E^* {X, t) 


Nvliei’p 


... ( 1 ) 


Ei{x,t) ^ 2 ^ )^{/]) 2 2 pxp {i7r(A“W;/2)J 

\-±llt^Q,±l A»1 m- 


X J dpjp. jfcipr) F{p, k, m, A) exp(-i^i) ... (2) 

and 

JlJx, t) = — 4;r/(37r)^ S 2 ;^ (/?) 2 2 A(^)*“^+^ exp {w(A— ? m/2)} 

/J.=o,±l fc=l 

X J dp/^. jA:(pr) F(p, /r, w, A) exp ( — ipf) ... (3) 

where F(p, k, m, A) is the wavefimction of the j)liotoii and xifi) ^ vector having 
tilie foil owing components 

^;9)-(2)Hl,iy?.0) for A - ±1 

^0) — — i(0, 0, 1) for /y = 0 

in equation (3) are the generalized spherical harmonics for 0,<l) 

— > 

as the polar angles of the linear momentum vector p given by 

p = p(sin 6 co.s sill 0 sin 0, cos 0). •■. (15) 

Jk{pr), for r — |^| , is spherical Bessel function of order l\ and 0 arc the polar 

— > 

angles of the vector x. 

Using the transposition theorem of generalized spherical harmonics wo have 

0) = (/>) 

0 ) “ 0 ), 

0) = 0) 



572 B. S. Rajpat 

iSubstil-usiiig tlicsc results in equation (2) we get 


eJx, t) = -4(77/3)* S S i 2 

x=+l /J- 0,±1 »rt— fc 

X (f>) (f>) 0) 0) 

X J m A) exp(— ... ((i) 

On f'X]iaiiding the product and using the orthogonality I'elations for the gciicMn- 
lized spherical harmonica, we get 

V-”-'’(0.?4) r/’^(0.(4)== s' [ \ 

j= I A_i I L 4:7r{Zt/-f~J ) J 

X(/l:.0, l.Alt, 1, J. A)7j>'.’» ... (7) 

mid 

a?: Stt * 

f d(4 ,f do mi d = tf, . . (S) 

0 0 

la equation (7) CJobsch-Gordan coefficients .are used in the form (j, m, j'.m'\ 
hi', •/- M). 

When equations (7) and (8) arc substituted in equation (6) it is reduces ta 

2 2 2 
\ fc=i Jrt,.! -k 

X[f^/c,A„rt( 6 ', 0 ) J pdpjkipr) F(p, k, m, A) exp {—ipt} 

-iX[kl{2k-\-l)Y- Yk,k+h S P(fm+i{pr)F{p, k, m, A) exp {-ip/} 

+'/A{(*-f l)/(2^*-|-l)}i7;^._,._J_ J pdpjk^Y<P'^)F(p k, m, A) oxp{-ip/}l ... (9) 

where the vector spherical harmonica Yjg^ ^ {0, 0 ) are defined as 

0) == S (O^+W) Yh^^^-P^O, $){k\ m, \.li\h\ 1, k, M) 

m,0 

la deriving equation (10) we have used the values of Globs oh- Gordan coefficients. 

Tn a similar manner the reduction of magnetic field also can be derived as the 
following expression 

Hy{x^ i) == (2)i 2 2 2 (if-^ 

\ fc-l 7 nn-£ 

X [A 7;^^ ^(0,0) J pdpjk{pr) F(p, k, m, A) exp {- ipt) 

-i{kl{2k-\-l)y Yk, k+i, m(04) J dpj^Y<P^)F{p, k, m.. A) exp {-ipt) , 
4-i{(fc4-l)/(2fc+l)}*7A^;b„i^ 0) / pdpjk-x{pr) F(p, k, m, A) exp{-ip01 (1®) 
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riio tlireo-dimensional vector ]>c>teniial A{x, t) of t‘lectioinngnctic field is given by 
t) 

lJ{x, t) — curl A{x,t) ( j ] ) 

Using csqiiatious (9) aiul (10) 111 equation (11) the rodiietioii of electromag- 
netic potential to the irroducilile representation of inhomogeneous, ortho chronous. 
propel Loreiitz gi'oup in angular momentum basis can be cleriviid as the following 
(expansion 


/.) — (2)1 sis 

X~+i i'> 1 rn'>-k 

J d2Jjk{'P>) B{2h k, m. A) exp(~/pO 

— f i^{kl{2k-\-l)Y- , I ,„((y, 0) J dpjn-i i(pr) F(p, k tu, /\) exp( — lyi^) 

^'Ph-iipr) F{p, fc,m,A) cxp(~ipf)l ... (12) 

where 

AJ^x, <)-f ylj(a;, f) “ A{x, t) 

The vector spherical harmonic Yjc,k,m{(^> i>) bi equations (9) and (10) which 
corresponds to the angular inoinentum (quantum number k of total angular mo- 
montuin J and tlio parity (—1)'^+^ can be considered as transverse magnetic vector 
spherical function. The transverse electrical vector .spherical function which 
corresponds to angular quantum number (/c+1) and parity (— 1)'^^ ^ can be consi- 
dered as 

■= 1/(2*^ ■~1-1)1[»/(J -YF^YicJcWinA^} +1 )(*f)^T^A'jA:-iim(^' 0)] 

The longitudinal and scalar functions, which are derived from the scalar electro- 
magnetic vector and the fourth component of vector electromagnetic potential 
corresponding to A — 0 in the reduction, do not contribute at all so far so as phj^si- 
cal effects aro ooiicernod. 

Second quantization or electromagnetic fields in angular 

MOMENTUM BASIS 

To second quantize the electromagnetic fields in the angular momentum re- 
presentation^ the photon wavefuiujtion F{p, k, A) and its complex conjugate 

in the reduced expansions of E{Xf t) and H{Xf t) are replaced by annihilation and 
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Cl cation opera tora h{'p, k, A) and h, m, A), respectively. These operators 
satisfy the following commutation rules 

[b(s), 6(5')] = [6*(5). 6*(5')] = 0 

[6(5), 6*(s)] = 8(p-p')Sk,k8mm ... (13) 

where s denotes the collection of variables p, h, m and A. In terms of these opera- 
tors the Hamiltonian H and number of operator N ai-e given as follows 

i7 - 1 /2 2 J [6*(5) 6(5)4-fc(«)6*(.'»)]f?p 

= S J[6%s)6(5) + l/2]dp 
X 

-S JN5)-fl/21dp ... (14) 


N = (2)-i S r r6‘(4)6(a)+6(«)6»(«)] ^ 

)i p 


-S/[6*(4) 6(4)+l/2]^f 
X P 


= 2:/[»(4) + 1/21^ ... (16) 

X V 

where n(5) — 6*(s)6(5) is the operator of the number of photons with variables de- 
noted by 5. The poynting vector operator P can also bo expressed in terms of 
annihilation and creation operators, as follows 

P =‘^87r)-=’S 1 /2 J [6*(5)6(5)+6(5)6*(5)]dp 
X 

-:’^877)-3S J [6*(5)6(5)+l/2]dp 

X 


= e(87T)-32 J [n(s)+l/2]dp 

X 


where c is unit vector in the direction of P. 


The w-particle basis vector for second quantization, in the angular mo- 
mentum basis, is given by 

1 4„ .... 4, > = I 0 > ... (16) 

(?i!)* 

whore ] 0> designates the vacuum state. 

For the photons with well defined quantum state the equation (16) reduces to 
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The annihilation and creation operators act upon these })asi8 vectors (kets) 
in the following manner 

={n(^,)+l}i \s^,s,,...,s,„s> ... (17) 

^('^) Uli «2, «„> = W-^)}-p|Si, > ... (18) 

Interaction op electromaonetio field with atom 

The number of photons in the system containing electrical charge is not cons- 
tant as the photons can be emitted or absorbed Here we study the interaction 
between the electromagnetic fields and an atom assuming that the system is at 
rest. 


Neglecting the interaction, tlio Hamiltonian of the system (atom and the 
field) is the sum of radiation and atomic Ilainilonians 

Hy — fad 

Avhero Ha the Hamiltonian of the atomic system and is field Hamiltonian 
ojicrator given by equation (14). 

The interaction Hamiltonian for the present case is of the form ^(a;, 0).^, 

whore is a polar vector which is a function of atomic dynamical variables. The 

— > 

vector V may also be regarded as a first rank tensor, the average value of which 
lor intitial and final atomic states gives cui-rent density. Using this value of inter- 
action Hamiltonian operator form, \\(^ can study the emission and absorption of 
photon by an atomic system. 

Emission Let the initial state | of the system Avithout interaction be 
coiisidorod as containing the atom and ?*.(s) photons, and the final state | 
alter the interaction as containing the atom and {/i.(.v)-|-l} photons Tims in the 
interaction the atom emits one photon Avith momentum p, other ipiantuni 
numbers being k, m and parity n. Then 

= \V> \fi> .. (19) 

where | K> is the field state containing n{s) photons and [ designates the initial 
atomic state with quantum numbers ki, tiii and ni for the total angular momentum, 
3-component of angular momentum and parity, respcctiA^ely. 

\ih> ^ (^ 9 ) 

where \s> is the field state coiiiaiiiing photons and [ i/ry> designates 

the final atomiu state Avith corresponding quantum numbers kf, mj and tt/. 
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Tbc matrix elcmoiit of interest for emission is given by 
< I A{x, 0).^; I i/rF > 

1 < A’ 1 0)^1 F > 

- <M 4 >) |^/> 

A-iHkli2kA-i)}hic+i{P^') <^/| y*Jc.ic+i,m{(^, 9^)- ^ I *h> 
^a{(A:+l)/(2^-[-l)}y*:_i(pr) <^///| ^6). ^1 J 


( 21 ) 


where we have iiaed equation (17) from which it is clear that only A*^{x, 0) part of 
— > 

A{x, 0) (Joiitributes to interaction Hamiltonian lor emission, while the other part, 

— ► 

i e. ^li(.r, 0) contributes to the Hamiltonian for absoi’ptjon. The matrix clcnieiil 
given by ocpiation (21) consists of the terms like 

<irf \ Y^k,k,m{0, I \'ri> , [k’ = k, k± 1 ) 

which can also be written in tej'ius of quantum numbers of the initial and final 
states as ^ollo^^^s 


hf, nij, itf I »,(»)((?, <l>). V I ki, w„ ni> 


( 22 ) 


where 

Y*k,k is an irreducible tensor of rank k. 

Applying Wigner-Eckart theorem, it is clear that only those matrix elements 
like (22) are noiivanishing for whicii following selijction rules arc satisfied 

k,^kf+k,kfA-k-\,...,\kf~k\ ... (23) 

mi = ... (24) 

The parity of irreducible tensor Y*jc,k ■> ( —i)'^'''^7ry for electric, multipole 

— ► 

and ( — l)'^7rv for magnetic multipole where ttx, (the parity of the vector v) is (— 1 ) 
since it changes sign under reflection of coordinates and the ojierator for it 
anticommutes with parity operator Thus the parity selection rules for photon 
emission are derived as 

TTjTTi (—1)-^ for electrical transition 

TTfiTi = {—ly for magnetic transition ... (25) 

The probability for the emission per unit time in the transition from | ^7> 
to 1 1/^7, i> is proportional to the square of the matrix element (21). Hence, it is 
proportional to {'a(6‘) + l}, which is nonvaniahing even for w(s) = 0. The quanti- 
zation of the (’leoti'c)-magiietic field thus explains the occurronco of spontaneous 
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Absorption. For absorption we consider the transition from the initial state 
I if I > given by equation (19) to final state | of the system containing the 
atom and 1} photons 

^ \ff> ... (26) 

where | «'> = | ^i, . . . «„_i> 

The matrix element of interest in this ease is 

<ff\ \V>\fi> 

= (2)‘'Xs)}i«p(i)*-'»rMF) < ir,\ |^,> 

-a{i:/(2*+l)}*jA;+i(pr) < ff\ 

.Jc+l,m(^5 <!>) V I ifi> 

H-iA{(/c+l)/(2*+l)}yi^i(pf) yjji._i ^(0, 0). V |^J> ... (27) 

By a similar method as discussed for emission, we get the following selection 
niloK for absorption 

hf=ki~\-k,lc,i-\-k—\,...^\kt—k\ ... (28) 

‘nif = 'mi-\-m ... (39) 

The probability tor absorption is proportional to the number of photons of a 
{iiveii J{iud in the initial state 


Discussion 

The reduction of electromagnetic fields to the irreducible representations of 
pjoper ortho chronous inhomogeneous Ijorontz group in angular momentum 
l»asiB is given by equations (9) and (10) in terms of the wavefunctions of particles 
cf zojo mass and spin-1 (transverse photons). On replacing tlie photon wave- 
liinctions and their complex conjugates in these reduced expansions by annihila- 
tion and creation operators, a covariant second quantized theory is obtained in 
juii'cly relativistic manner. The second quantized operator A{x, t) derived in this 
manner is a'covariant quantized analogue to the expansion in multipolc of classical 
tlieory due to Blatt & Weiskopf (1962) This quantized reduced expansion of 

d(.rj t) in terms of vector spherical harmonics, with annihilation and creation 
operator as the amplitudes, is used for calculating the interaction Hamiltonian 
to avoid the use of fictitious photons of holioity other than (spiu) and to ovei- 
t^oinc the difficulty of vanishing the amplitudes for photon emission and absorption 
the momentum p--> 0 (Weinberg 1965). 

The probability of photon emission is proportional to the square of the niatiix 
i^-lrmcnt given by equation (21) and thus, consists of two terms The fii’st term 
uiclependent of the number of photons in the electromagnetic field befoie emis- 
*ieii and gives rise to spontaneous emission because it is non vanishing even if theie 
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is no photon inii^ially. The second term, which is proportional to the number of 
photons in the interacting field, gives rise to certain induced emission. The pro- 
bability of absorption of a jihoton, given by the square of matrix element ni 
ecpiation (27), depends on the energy of absorbed photon and is propoi'tional to 
tlie number of photons in the interacting electromagnetic field. The ratio of the 
probability of photon omission to that of its absorption is, therefore, propor- 
tional to + 

The selection rules for emission and absorption of photons by atoms are identi- 
cal to those derived by Blatt & Weisskopf (1952) classically and to those derived by 
Davydov (1965) non-relativistically, except that here the i)hoton takes or supplies 
angular momentum, in order to conserve the total angular momentum of the system. 
Wo thus got the parallelism between the classical and quantum theories of radiation 
in angular momentum basis The similarity of the selection rules verificss the 
validity of reduction of electromagnetic fields given in equation (9) and (10) t(' 
the irreducible representation of proper, orthochronous inhomogeneous Lorentz 
group on angular momentum basis because in calculating the intoi’action Hannl- 
tioniau wo have used the reduced expansion of J(.r, t) derived from these expaiisions 
Moreover, this similarity of the selection rules for interaction of electromagiielic 
fields with atom suggests the use of this relativistic quantized procedure in the 
study of interactions oi‘ electromagnetic field with molecules, nuclei and elementary 
particles. The procedure being a relativistic one will iii’ovc itself more 
advantageous and straightforward. 
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Response of a moving-coil galvanometer in a 
vacuum tube circuit 

By S. D. Chatter JEE and Arun Kumar Gupta 
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CalcuUa-^2 
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The nature of rospoiiBo of a inoving-coil galvaTiometer to an i-xponrntiully tlccrenaing 
iT)put voltage pulso in a VTVM circuit has been theoiolicnlly analysed. The ouipul, 
pulHO, as revealed by the galvanometer deflection consistH of the following tv o compo- 
iients : 

(i) lirsl. coiniJonont docicaaee expoiionliully with tune; 

(li) second coiuiionont vanes sinuBoidally V'llh time, having constant ain)ihl,ude, pro- 
vided the effect of galvanometer damping is negligible However, when tlio dainiiiug 
IB effective, the amplitude of the oBcillatory component deui eases exponentially with 
tune 

Those findings have been experimentally veiiliotl as far us piacticable. 


Introduction 


It iM customary to use a high-impedance device for measuring voltage and a low 
iiii])eclan(‘e device for measuring current. Howeve)'. for measurement of veiy 
small voltages aud cui'roiiis. just the reverse is true, since poM'er is ro(inii'ed to 
opei iite tJie instrnment Foi- cxainpJe, if the number of turns per unit cross-section 
is clmnged in a galvanoinotcr coil, the quantity that is held constant for a given 
(Udeetion is the power (i e. Pit or IPIR). Hence high current sensitivity irqunes 
a high-resistance coil, and higdi voltage sensitivity requires a luw-resisl.anee coil. 


For the most sensitive galvanometer made the power per unit deflection is 
ajiproxiinately Thus the best voltage sensitivity is about 10' "V (for 

« S 10 ohms) and the best current sensitivity is about 10-“ amp (fo 

olirns) 


■ n 1000 


For measurements of currents smaller than abont 10 or 10 amp, a galvano 
meter becomes impractical, ami an electrometer, which is osseutiaJly a voltage 
measuring instrument wuth a sensitivity of Ihe general ordoi ol 1 niv pci sc ale 
deflection, can be used in conjunction witli a shunt resistoi of 10 ohms to obtain 
a sensitivity of lO-^^ amp. Alternatively, a simple nonfeodback type electronic 
-unplifier consisting of an electrometer type tube vitli a sensitive galvanometei 
a.s the plate load may bo used The grid current for large bias voltages is made 
very small for proper tube design and may be about lO'^® amp tor the best tubes 
The fundamental circuit, is a eiiiglc-tuhe dc amplifier, in which the ionisation 
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current or photo-electric current passes through a grid-leak resistance 
ohms) and the resulting voltage alters the grid potential of the electromotor 
tube The consequent change in plate current is read on the galvanometer, 
Montgomery & Montgomery (1940) have discussed the circuit diagram of a vacuum 
tube electrometer when used in conjunction with an Ionization Chamber. Swann 
(1 940) has published the replica of a cosmic ray nuclear burst as recorded by such an 
arrangement. Weisz & Ramsey (1942) have used a more elaborate arrangemejit 
to study the ionizing capacity of individual particles of cosmic ray ionization. 
The charge j>i‘oduced by each discharge in a proportional counter is converted 
into a voltage pulse, which is amplified by a throe stage linear amplifier and fed 
into a vacuum-tube voltmeter consisting of a type-38 tube. Finally the pulse 
is recorded photographically by the amount of deflection of a galvanometer, 
whenever a ray passes through a path in the proportional counter tube whicli js 
defined by three trays of GM counters in a telescopic arrangement. 

Detailed analysis of the influence of the time -constants of various coui)lino 
stages of a linear amplifier has been worked out by Wilson (1941) and Chatterjee 
(1944) Lewis (1942) has also indicated the distorted form of an ionization chamber 
pulse, after three-stage amplification by a R-C coupled linear amplifier. 

Tt may be noted, however, that in almost all the cases cited above, the galvano- 
meter has been used merely as an indicating instrument, whose deflectibii lias 
been assumed to be proportional to the amplitude of the input pulse, No account 
has been taken of the influence of the galvanometer constants in influencing the 
size and the wave-form of the outj)ut pulse. These factors have now been taken 
into consideration in determining the nature of response of a moving cod galvano- 
meter in a vacuum-tube circuit whose input is a transient pulse simulating an 
Ionization Chamber pulse The relevant circuit is actually that of a valve tube 
voltmeter (VTVM). Since a voltage sensitive galvanometer is essentially a low 
resistance instrument, it cannot be used in a high impedance circuit. And so a 
single-stage dc electronic amplifier is used to amplify the signal and to match 
a high input impedance to that of a sensitive d’Arsonval type galvanometer. 
Tn our present set up, the galvanometer has been transformer coupled to the plate 
load of the vacuum tube in order to avoid the balancing of plattrcurrent for zero 
adjustment. 


ThEOBETIOAL OON8IDEBATION8 

A galvanometer has been transformer coupled to the plate load of the vacuum 
tube (triode) as shown in figure 1. A transient voltage pulse, 

€ = 

where t — time and t = time-constant of the grid-system, has been applied 
between the grid and the filament of the triode, 
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Figure 1. Basic! vacuum tube circuit. 

Assuming that plate current ip and plate voltage Vp represent changes from 
steady current conditions, 

’■/> = - (i) 

where Vp = plate resistance of the tube and ft — amplification factor. 

The plate of the triode consists of a protective resistance r in series with the primary 
of an air- core transformer, while the secondary is coupled to a moving coil galvano- 
meter, 

(a) Basic eqvutions 

Now, if L be the co-eflficient of self-inductance of the primary and Lg that of 
the galvanometer circuit and M the mutual inductnee, then the governing 
equations are the following ■ 

+rip+vj, = 0 ... ( 2 ) 

at at 

and +mg = 0 ... (3) 

at ett 

where ig == current in the glvanometer circuit, B — total resistance in the galvano- 
meter circuit, 
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Rliminating dij,[dt between the equations (2) and (3) and tlien substituting v-p 
by tlie value as obtained from equation (1) 

... (4) 

Diffei'cntialing equation (4) and then eliminating dipjdt with the hel]j of equation 

(S). 

^ .i^+5. ^+(7»j= e-tn (, 5 ) 

(tt (It T 

whore 

A - LLg~M^ 

li = LR-\-{r-\-i/'‘p) • Lg. 

C ==: {r+Tp) . R 


(i) Solution for ig with large plate resistance Vj, 


It will, at this stage, be desirable to make such approximations as will apply 
to the present case. The quantity rp is of the order of 10® ohms. There is no 
need for r to have more than a pi'otective significance. In view of this largo value 
of Tp, the auxiliary equation of the equation (5) will have the roots 


while the dominant term in the denominator of the particular integral will be 


rp{RT^—LgT) 

Thus, determination of complementary function and particidav integral undei 
the above specification leads the solution of equation (5) into the form ; 


rp{Rr—Lg) 









and 


dig _ MflEQ 
dt rp{RT—Lg) 



At t — 0, ig ~ 0 and ip = 0 
Honce from equation (6) 


(«) 


( 7 ) 


l+a+/^ = 0. 


( 8 ) 
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and i'l'om the equations (4) and (7), 


/ *■„_ \ ^ _ M/k„ ^ 

\ dt /(-o LL,-M‘‘ 


Mnk„ r 1 a-B , 

r.f(RT-h,) L r"* 


sint'o is Jargo. 
Therefore, 




/?= 


a ~ — (^4-1) = ~ hy t^quation (8). 


iSubatitutiiig tliOHc values of a and ji in cquatiioii (h) 


" >-p(2tT-L„) L L, ^\L,I j 


(c) Galvanometer deflection with negligible damping 

Due to the current ig, the galvanometer , coil would be deflected tlirough an 
ajigle 0. li R be large enough so that the damping in the galvanometer circuit 
is negligible, tlicii the differential equation giving 0, is 

Kl^LLj^Ce = f e-*/--- ^ 

dt^ rJjtr—Lg) I Lg \ Lg I j 

... ( 10 ) 

v here K = moment of inertia of the suspended system and JG^ galvanometer 


Solving this equation (10) under the initial conditions viz , 


at (, ^0, 0 ^ 0 and j — 0 

dt 


and introducing the quantity Tq defined by the deflection (J is, 
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0^ 


w 

47r® 


-tlr 


1 + . 




T —f'lrff 
— .€ 

ipZ 

4:7rHg^ 




where T = free period of the galvanometer, 


tan '■ 


2nT 

T ’ 


tan O 2 = 


27TTg 

T 


( 11 ) 


and 


47 r‘^ ■ JGi . M/iep 
Grp{MT~Lg) 


The solution (11) has been written on neglecting the term which involves the large 
quantity m the denominator. The equation (11) gives as a function of time 
t; its maximum occurs when 


dt 


-0, 


i.e, when 


1 — 


1 + 


JI2 

47r^T^ 


-+ 


if—) .( 

'Tp \ rgl 


1+- 


e 

ffi 


4:7T^Tg^ 



2iTT / 27Tt . \ 

■3% 

I \1 

(^+4?v) 


= 0. 


In view of the complexity of the expression, it is probably better to obtain the 
maximum by plotting 6 against i. 

Now 

W _ 

47r2 Crp{RT-Lg) ' 


Since G represents the resistance of the galvanometer coil and R the resistance of 
the secondary of the transformer, 


R = Rc-\-G 
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and so 



Also for a given coil space in the secondary and a fixed primary, Lg is proportional 
to the square of the number of turns and so to Rc\ hence LgjT becomes ctiual to 
(jEc, whore g is the constant of proportionality. 

Also M is proportional to Rc^. Thus for a given resistance R^ of the 
primary coil, Q — Rc{l—g) for a maximum and the maximum is proportional to 
and so, is independent of if2c OFcoursc, involves G and Rc other than 
tlu’oiigh W. However, the importance of 0 and R relationship lies in W. 

Now, JQi is the coolficient of current in the expression for couple per unit 
angle of twist. Hence for a deflection SO due to a current Sig, 

edd = JG^ . Sig. 


If cr be the current sensitivity of the galvanometer, then 


find s(D 


cr 


Lt 


Sig 


JQi 

0 


W (rMiien 



This looks as though 0 tends to beciune infinite as Tg approaches t; but it may be 
noted also that as r, approaclies r, the quantity inside the square bracket, in 
equation (ll) tends to become zero. It is of interest to inspect the order oi 

g -MfieQ 
TjiRt ■ 

Itv be of the order of 10». S 10’ and 10-’. thus remembering that r,„ - 10’ 
and T = 10"^, it may be seen that 

o-Jf/tCo lO’xlO’XlO-’ M ^ M 

r^r 10 »^’ B ^ 

(ll) (Mm/iometer defiection after a long iiiieronl of time 

It is interesting to note Urn amplitude of oscillation long after the meident 
pulse had been applied to the input terminals i.e. at 1 oc. 
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At i = CO, as follows from equation (11), 




where tan 


1 yjx 


. _ T _ I « _ "Znt 
2nT ’ ^ 27TTg * T 

and ^ 

X Tg 

{x and y are constants but ^ vanes with time t). 
Hence the amplitude of 6^ is 


i<>-i 


aMfitg f 1 , 


o 1* 

i+y® “(i-i-**)(M-y“) J 


... ^( 12 ) 


ft is of interest to investigate | Ogo \ different values of y and .r. 

Casa J 

Lot yjx ■■= 1 + 1 /, such that tf is negligible. If y ~ 1, the result is indeter- 
minate. Substituting this in equation (12) and remembering that y is small, 


(rMjief^ r 1+a;^ l +x^i 

rpRTgij L 1-l-x^ 


The radical vanishes, as it should, to the first order. 

Case II 

Let yjx = 10, x = 2, y = 20. 

Substituting these in equation (12) 

I _ crMye,, 1 1 100 _ 2(400+10) I* 

' ■ i>A!t(0.9)U’^(T+400) '6(1+400) I 


. [0,2+0.25—0 4)1 approximately. 

r^.i«<T(0.9) 
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TJierefore 

Jj?« L = 2-23 

^Mfi€Q 9 

VpRr 

FurUicrmouo, let. ylor ~ 10, x = 4, y ^ 40 
til tins case, by substitution in equation (12) 


0 1 _ <^^^<-1, 

1 

17 

, 160(( 2(1600+40/4) 

16(H 1600) ()+10)(]416'00)‘ 

rpRTlO.'S) ' 

(re»- 

) approximately 


Hence 

9 

rpRr 

Hence it is important to have x not so large, liemerabering that, where T = free 
period of the galvanometer and t, the time-constant of the grid system, it is ad- 
vantageous to have the free period of the galvanometer to be small and the time 
constant of tlio grid system correspondingly large. 

Note : By making yjx very small, the quantity inside the square bracket 
in equation (12). may be approximated to [l(l-f-a2)]i This is reasonable because 
it IS equivalent to lengthening t to some extent although the external factor 
1 —Tglr is admittedly affected 

^e) Condunion 

The expros.sion for 0 in equation (11 ) suggests that the galvanometer deflection 
IS a consequence of two components, (i) One of these decreases exponentially 
with time, and {ii) the other varies sinusoidally with time, provided the galvano- 
meter damping factor is negligibly small. 

The exponential component dominates so long as tlie time t is comjiarable with 
the time constant of the grid system and also with the time constant of the 
gal vanomot er circui t . 

After a long interval, only the sinusoidal component persists. The ampli- 
tude of this component depends upon the following ; 

(i) time constant t of the grid system 

(ii) free period T of the galvanometer 

(Hi) time constant Tg of the galvanometer-circuit. 
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The amplitudc3 may also be increased by decreasing the quantities T/27rT and r/r^ 
(Since T is fixed for a given galvanometer, it is advantageous to increase botli 
r and t^, to got a larger amplitude. Furthermore, it may be seen that the quantity 
inside the square bracket in equation (12) is maximum when T = 27 Ty/TTg iv 
when the free-period of the galvanometer is 277 times the geometric mean of the 
lime constants of the grid system and the galvanometer circuit. 

It has been mentioned earlier that an increase in Tg is an advantage. This 
can be done by decreasing the resistance R in the galvanometer circuit. However, 
if R be diminished beyond a certain limit, the damping factor in the galviinometer 
will prevail V'hich will nullify the e(xuation (10) governing the galvanometer motion 
(/) (Solution without approximatiom 

Tn the foregoing derivation, the solution for the galvanometer deflection 0 
has been obtained under the following assumptions : 


{%) the plate resistance of the vacuum tube is large m comxiarison with 
similar elements in the circuit; 


and (u) the damping factor in the galvanometer circuit is negligibly small. 

Those approximations have been removed in the following stex>s Foi- the salv(‘ 
of sirnxilicity it will be convenient to adopt the following notations : 


go = 1- 


LLg 


A, 2A \4^2 a) 

I 

A* 2^ \ ^ j 

Ao Ag Aj 1 4^2 aI ■ 

T = time constant of grid system, Tg = LgjR, Tp = Ll{r-^rp). 

— time constant of galvanometer circuit with Lg coupled to i as in use. 
T' = damped galvanometer period divided by 277. 

T ™ undamped galvanometer period divided by 277. 

In terms of these notations, the solution of the equation (6), undei’ the initial 
conditions, viz.'. 


at * = 0. = 0. i, = 0, and ( f 

is ig = J «-«/’■ +a . e— 'M' j 


>0 


... ( 13 ) 
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where = i?(r+>p)T ^ 


a - A. -h. 




'A' 

Taking into consideration the damping of the galvanometer, the deflectioji 
0 arising due to ig, satisfies the differential equation 

K = ' ’ ^ *■^^>^0 1^ e-'/^+a . e-'Mi+yff . 

whore JQ^ is the co-cflficient of ig in the expression of couple and 6. a constant. 
Tn view of the relations 

T^ = Klc.mAb= -^ = 2c^. 

the above equation of motion becomes 




This equation when solved under the initial conditions viz., 


at / = 0, (9 = 0 and ^ = 0, 

dt 

gives the solution 




^ cos 


-|-a 


ir_r\ 

l Ai A / • ‘ 


e '/^‘cos^. 


2r» 1^ 




+/? 


I a; f,l 


- 2r» r» 
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provided T-y ^ T, 

y ./6?i 

v'here cr = - 


Lt&, 


».“ = galvanometer sensitivity, 

hg 



2?o LT 5 Tp \ T,* Tp‘ TpT„ J J 

2J7o iTg Tp I 7/ Tp“ Tj,Tp J J 


It may be observed that the quantities Aq, A^, A^ are practically always concerned 
with the ratios such as T/Ay, etc., and so should be calculated in these terms. 

Thus, 


and so on 


Ai 


1 



+(2-4,.)-^ }'l 

Tp* 1 ' 


The expression for 0 in equation (14) shows that the galvanometer deflection 
consists of two components : 

(0 one decreases exponentially with time, 
and (n*) the other is damped during an oscillatory motion. 

In the earlier analysis where the damping has boon neglected, the oscillatory 
component persists and exhibits a steady amplitude. But in the present case, 
where damping effect dominates, the amplitude of the oscillatory component 
decreases exponentially with time. As the damping of the galvanometer is de- 
creased by increasing the total re.sistanco R of the galvanometer circuit, the rate 
of decrease of the amplitude of deflection of the coil diminishes. 


Exfebimentai^ abbanuement 

Figure 2, is a diagrammatic representation of the experimental arrangement. 
Initially the key K is closed and a negative voltage (— w), equal to PD across the 
potentiometer wire, is applied to the grid terminal of the triode vacuum tube. The 
condenser Oi is also charged to the same potential (— v). When the key K is 
opened, the condenser discharges through the resistance and the grid volt- 
age rises exponentially towards zero with a time constant t = Rfiy = 10 milli- 
seconds approximately. The shape of the voltage pulse, recorded with a Tek.- 
tronix CRO is shown in figure 3A. 

Due to the exponentially varying input voltage applied to the grid, the primary 
current in the transformer varies with time. Consequently an emf is induced 
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in. the trauBfonncr secondary and a current flows in the galvanometer circuit. 
The shape of the current pulse as revealed by the voltage drop across the resistance 
R in the secondary circuit is shown by the oscillogram pattern in figure 3B. It 
may be noted that the output cuiTent pulse does not correspond with the sharp 
exponential incident voltage pulse pattern. The complexity of the nature of the 
galvanometer current pulse has already been discussed in an earlier section. 




Figure 3 A Oscillogram of input voltage pulse. 

The actual experimental set up for recording the galvanometer deflections 
is schematically i^epresented in figure 4. Light from a straight -filament lamp 
is focussed by means of an adjustable system of lenses so that after reflection 
at the galvanometer mirror, a luminous vertical lino is formed on the cylindrical 
lens. The latta' focusses this light on a narrou^ horizontal slit behhid which a 
sonsitivo photographic paper is smoothly drawn at constant speed. 
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Figaro 3B. Odoillogram of ourreut pulse in tho galvanometer. 





Figaro 4. Galvanomoter deflection recording arrangement. 


Figtire 5A, is a photographic record of the resultant deflection when the 
galvanometer is slightly underdamped, while figure 6B represents the case 
Adaeji the damping factor is reduced by increasing the total resistance in the 
galvanometer circuit. Tho oscillatory motion of the galvanometer spot of light 
associated with its logarithmic decrement is recognizable in figure 6B. 
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Figure 6A. 


Photoarapluc raoo..d of 'olightly undordampod’ ffa]vanon>ot,or dofleotion. 




Figuire 6B.^ Photographic record ‘undamped’ galvanometer deflection 
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Finally, the total resistance of the galvanometer circuit is made equal to its 
critical damj)ing resistance. The galvanometer deflections can now bo easily 
recorded. Figure 6 represents the calibration curve for transient pulses measured 
m our experimental set uii. It may be noted that the calibration curve is no 
longer a straight lino as the input pulse is increased in magnitude. This may 
1)0 due to the distortion introduced by transformer coupling and the consequence 
of attenuating factors enunciated in earlier equations. 

1 




I 



-t 


Kiguj'c 6. Calibration oiiive lor traiisioiit input volt, ago pulsoR. 
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Uaing relativistic BoUzmann-VlasBov equation, expvossion for the frequency and wave- 
numhor dependent dielectric function of a degenerate electron plasma is derived in presence 
of a steady magnetic field, which is valid at temperatures satisfying the condition mo^ 
KT. The result is compared with those obtained for a plasma under different physical 
conditions. 


Introduction 

In this paper the dielectric constant of a degenerate plasma in presence of a uni- 
form magnetic field is derived in a manner similar to our earlier work (Misra el al 
1970). The expression is valid in the extreme relativistic limit, i.e. KT mc^, 
and for the case when the imposed steady magnetic field is parallel to the wave- 
number vector. 


Dielectric function of a magnetoaotive relativistic plasma 

The linearised relativistic Boltzmann- Vlassov equation in presence of an 
external magnetic field can be written as 


p, 0 
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cp 


dt {p^-\-m^c^)^ 


Vrfiir.P, t) 


= , vMp)- ■ Vpfi{r,P. t) 


... ( 1 ) 


whose space-time Fourier transform, in a polar co-ordinate system {p, 6, (j>) for 

— > — ► — > 

p with B and h along z axis, gives 


/#,■?, a,) = - X 


((E, sin e -E, Bin 8 -E, cos 0 ) ... (2) 


*A part of the work was done at the Bavenshaw College, Cuttetek 
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where 
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A ^ 


eB 

i[cpk COB 


When equation (2) is substituted in the wavenumber and frequency dependent 
current density (Gartenhaus 1964) 

JJih a>) - -cc f dp 

J (pZ+wV)* 


— K„^{jCy {k, to) 

we get the following expressions for the Response functions 


... (3) 
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... ( 6 ) 


Kyy = - j' j A ( ^ coB>i 0 sin 0 dpdO 


( 6 ) 


After some elementary calculations equations (4), (6) and (6) become, 

IT. 1 +) iWfnc f f dpdxp^[w(p^+m’‘c‘)i±eB]{l-x‘) ^ df^ ... 

2 J J lco(p^-i-m^c^)^-i-eBY^—c^p^k^iC^ dp 


and 


Ki=— iwfcomc 


f j* dpdxp^p^A-1^^0^)^^^ 

I -I <ij^p^-\-in^c^)—c^p^k^x^ 


dJs 

dp 


... ( 8 ) 


where ^ = ^ 33 - From the equation (8) it is clear that 

in a relativistic plasma the longitudinal mode is also not affected by the magnetic 
field. Using the equation (7) in the relation, 

I 4:7nKtr{k, ti>) 

etr = L — 

wo can obtain the expression for the dielectric function. 
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Evaluation or dielectric constant fob relativistic feemi distribution 

Using tho value ol' equilibrium relativistie Eermi clifitribution, /„ in equation 
(7) we have 

exp [ ^ 

" [ V } + ’ ] (P“+mV2)S 

r, , | m(yH -» »V)“ ±e B-| cpk ] 

I '2rJcp[oj(p^-\-wY^y-^eB~\ \cj{p'^\m'^c^y-~\-eB~(:pic J 


where 


ami 


.Up) }+4 

= oxp [-(-[- g)] 


\ 
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It can t'iisily bo shown that for c — cxr and J5 — 0 equation (9) reduces to the cor- , 
responding nou-relativistio equation given by Misra ct al (1962) in equation (12) 

The integrals occuriing in equation (9) cannot be analytically carried out. 
However, for temperatures, KT > > mc^, approximate analytical forms can be 
obtained by using Sommcrfeld’s method (1928) of integration as was done in onr 
earlier w^ork (Misra rf al 1970), and we give the final result 

= 1 — \ 
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where we have taken Q. — ^ amd c = i )i — ]• in fh® liniit 
me \ oTT ! \ m I 

of vanishing li, the expression for eir coincides with that obtained for the magnetic 
field free case (Misra et al 1970). Further if we put c — v^^ in equation (10), the 
temperature independent term becomes identically equal to that obtained for 
non -relativistic case given by Misra et al (1969) in equation (6). 
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Discussion of the result 

Propagation of electroinaguotic waves can be analysed witli the ajd of cfpiation 
(10). As tlio expression is complicated and lengthjj^ we diseus.s only tln^ nature 
of propagation in certain limiting cases. 

tut’oiliQc 
cu'^o dr -- 1 

Idle tinst ease is satislied lor ck a oi and wv^ '> Qc With this approximation 
and simiilc calculation, a\c get 

^ t4j(wr(j pQc)L ' 


Cana T 

Case IT 


^ 

w(a»Vodh^ic) 

We see tioin this ecpiatiou tliat waves with frequencies ior vhieh 
a»(an’odr^ic) < coqV 

cannot propagate through the relativistic degonoiate plasma. Whereas iJie cor- 
responding condition for a non-rolativistio degenerate plasma is given by ai(a>d:f^) 
<a)o^, (Misra at al 1969). 

The second case is satisfied for coi^o'--' Qc as well as for oj. for whi(‘h ck j> oj. 
Ihider this approximation we get 

.. - 1 — 3ca„-c(t^±Uc) 

_ r J , {c^^-w^)J^^L}c) 1 

L c^k^wv„ J 


Since the Umtu containing tmnporature is small wo can Avritc 


r (r 3u)oMwW„±ac) 

, ck 

where t<r — 

O) 

Proiu the afiove ccpiation it is clear that tor the cxtraordiiiary wave, w'lien 

017^0 fiCj — 1 

' ojVq > Qc, ^tr < f 
and (jdVq < Qc, etr > 1 
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The equation (12) is to be compared with the corresponding equation for the non- 
rolativistic plasma, which is quoted below from Misra et al (1969), 

f (p 1 \ 3aio’*C^(a>2bi^) 

6,,(%-l)- --3-2— 

Wo then conclude that the imposition of a strong magnetic field makes plasma 
transparent to very low frequency electrcmagnetic waves which in the absence 
of llie field cannot be propagated. The same conclusion can be made from 
equation (12) with the difference that magnetic field necessary to make the plasma 
trauspaieut will be y^,/c times greater than that required for the non -relativistic 
case. 

The authors are grateful to Prof. T. Pradhan of Saha Institute of Nuclear 
Physics, Calcutta, for suggesting the iiroblem and for his guidance 
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Magnetic properties of bismuth telluride (BizTea) crystals 
By S. R. Guha Thakubta and A. K. Bosb 
Department of Magnetism, Indian Association for the Cultivation of 
Science, Calcutta-Z2, India 
(Received 20 March 1971) 

Rhombohodral single crystals of BiaTeg (both p and n types) were prepared by horizontal 
zuno molting apparatus sot up here. The magnetic susceptibility along both the principal 
crystallographic directions were measured over the temperature range 90" to 650"K. 
The magnetic susceptibility due to carriers was separated out from the observed 
susceptibility From this the energy gaps in both the principal directions were 
calculated and compared with values obtained from electrical measureraents. 

Inteodtjotion 

Various projjcrtics sucli as the electrical and thermal conductivities, Hall effect, 
Seebeok effect and magnet o-resiatance etc , of bismuth telluride (Bi 2 Te 3 ), the 
thennoelcctrioally important aemiconductor, have been studied by a number of 
workers (Shigetomi et al 1956, Satherwaite ei ft? 1957, Goldsmid 1957, Mansfield 
cf al 1958, Drabble et al 1968, Delves et al 1961, Caywood et al 1970). 

But iiiveatigations on its magnetic properties arc rather scanty. Matyas (1958) 
measured the magnetic susceptibility of polyorystalline Bi 2 Te 3 over the tempera- 
ture range of 100“ to 500“K and found it to be diamagnetic, its susceptibility 
being temperature independent Mansfield (1959) measured the principal dia- 
magnetic susceptibilities of BigTcs single crystals over the temperature lange 
of 100“ to 600°K and found that the diamagnetic susceptibilities (the principal 
susceptibilities as well as the average value) arc temperature dependent. But 
he could not separate the carrier susceptibility from the observed suseiptibility 
and therefore could not discuss bis observations in relation to the existing theories 
of magnetic properties of charge carriers. Van Deynse et al (1969) measured 
the susceptibility of Bi 3 Te 3 crystals from 1.3“ to about 300“K. Obviously their 
measurements are confined to the extrinsic region only, and therefore not expected 
to throw any light on the intrinsic behaviour of the substance We have there- 
fore undertaken to study the magnetic properties of both n and p ty^x; single 
crystals of BigTeg over the temperature range 90“ to 650“K. An account of 
these measurements are given in the present communication. 

Expeeimbntal 

PrepariXtion of the crystals 

The orystals *ere prepared in the laboratory by the horizontal zone melting 
prooesB in an apparatus set up by us . The apparatus is a modified form of the 

aoi 
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one described by Cressel & Powel (1957). It consists of varipus components, viz, 
a speed adjustable (within the range 0.4 to 10 ems/hour) moving furnace, two 
water-cooled steel muffles to adjust the zone width, accompanying vacuum system, 
inert gas flushing system etc. The different i)arts of the unit are diagramaticalJy 
represented in figure 1. 



Figurei 1. iScihematio diagram of iho horizontal zoiie-rueli crystal growing furnace. 


A — Kurnace housing 
B — Niohrome olemont 
C, O ' — Water cooled jacket 
JJ — Adjustable muffle 
d d' — Thermocouple elomoiit.s 
e, c' — Glass windows 
/ — Gas outlet 
(/ — Brass end cIosukj 
h — Hilica tube 


a — Quartz ciueible with molten zone 

6, h ' — Ball race 

m — Gas inlgt 

j — Porcelain tube 

K — Saddle trolley 

I — Precision bed 

n — Thermal inHulation 

S, 8 ' — Adjustable bolder 

R — Electric motor tlriven wheel 

(with gear-down attachment) 


For the preparation of BigTcj we used 99.98% pure Bi and 99.97% pure Te. 
We purified further the Bi and Te components separately hy the zone-melting 
process A quantity of Bi was put in a quartz ampoule of about 5 ems length and 1 
cm bore which was sealed after evacuation to ~ 10"® mm of Hg The furnace 
with zone width 3 mm was made to pass over the charge of Bi ten times in one 
direction only at the rate of 0.6 cm/hr. The temper atre of the zone was kept at 
some value higher than the melting point (271.3°C) of Bi. The parts of the ingot 
udiich had solidified first had the highest degree of purity. But Te being similarly 
treated, evaporated and condensed on the inner surface of the ampoule. Wotherc- 
forc kept Te in the ampoule in an argon gas atmosphere (the pressure was slightly 
leK.s than the atmospheric iiressuro) and purified it in the usual way. Bi and Te 
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thus refined wore put in requisite proproiions in a similar quartz ampoule which was 
sealed after being filled with argon gas at a pressure slightly lower than the atmos- 
pheric pressure. The ampoule was then placed inside the silica tube over which 
the furnace with the same zone width can traverse lengthwise. The furnace v'as 
now allowed to traverse the ingot ten times in one direction only at the rate of 0.6 
cm/hr. The temperature of the melt was kept at about G50°C. After these opera- 
tions Avero over, the ampoule was broken and the single crystal obtained from the 
ingot. For ja-type specimens a slight excess of Bi 0.2%) and for ?i-type that of 
iodine (~ 0.2%) Averc used as dopants The specimens were then chemically 
analysed and tested by X-rays. 

The basic unit cell is rhombohedral but for electrical and magnetic Avoi k the 
corresponding hexagonal unit cell is frequently used. We have found from our 
X-ray data, a = 4.384A and c — 30.487^, the thieo fold axis or the c-axis of the 
hexagonal system ivS normal to the direction of crystal groAvth. 

Magnetic Measurement 

The crystals are of uniaxial type unth easy cleavage, the c-axis being perpendi- 
cular to the cleaA^age plane. Therefore for the anisotropy as well as absolute 
susceptibility measurements, observations with the cleavage plane vertical would 
be sufficient. 

(i) Anisotropg 

A single cr^'-stal of Bi^Teg Avitli a perfect cleavage plane was chosen and its 
mass measured w'ith a Mettler microbalancc (least count 5x]0“®gm). It w^as 
attached Avitli its cleavage plane vertical at one end of a calibrated quartz fibre, 
the other end being fixed to a gi’aduated torsion head. The entire S3'^Btem w'as 
so placed that the crystal remained suspended inside a homogeneous horizontal 
magnetic Geld. The anisotropy of the crystal was then measured by the usual “null 
method” developed in this laboratory (Dutta, 1964). 

(u) Susceptibility 

For the measurement of susceptibility, the crystal Avas suspended with its 
cleavage plane vortical by a quartz fibre, from the free end of the arm of a jewel 
pivoted microbalance (Das 1963) and placed in a horizontal magnetic field with a 
vortical gradient, such that the magnetic force remained constant over an apprecia- 
ble region (Sucksmith 1939, Dutta-Ray 1956). The magnetic force on the sample 
when the field was switched on was balanced by an eleotrodynamic balancing 
device (Das 1963) attached at the other end of the balance beam. 

All measurements Avore made in dark and vacuum. For low tempera- 
ture measurements the crystal remained inside the experimental chamber of a 
gas flow liquid oxygen cryostat (Bose 1947), the temperature of the chamber being 
recorded by a calibrated copper-constantan thermocouple For measurements 
at high temperatures the crystal was kept within the experimental chamber 
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1 ) 1 * a cylindrical liimace uon-inductively wound on the outBido with uichrome 
wire The temperature in this case was measured by calibrated chromel-alumej 
thermocouple. 


Results and discussions 

The crystal suspended with the cleavage plane vertical (c-axis horizontal) 
was found to set with this plane along the magnetic field and its susceptibility was 
diamagnetic. Thorefo/'e Xi. > fhe susceptibility per unit mass in the cleavage 
plane Avas algebraically greater than x\\> along the c-axis. Therefore the 

measured anisotropy wan yi— y|| and the susceptibility measured Xl ■ 

The values of Xl XW different temperatures are given in figure 2. 

The values of x the average susceptibility, and XlIXw the ratio of susceptibilities, 
at 300”K of various authors including the present are given in table 1 . 



Figure 2. The variation of mass susceptibility of BiaTog with tomperatiire. 


It is observed from our results plotted in the figure 2 that both Xi “A'li 
Xl numerically increase with the lowering of temperature and ultimately attain 
a temperature independent value. 

Now with the increase of temperature the thermally excited free carriers 
increase exponentially; but from the nature of the curve (figure 2), it is found that 
the total diamagnetic susceptibility gradually decreases with the increase of tem- 
perature, suggesting thereby that contributions due to the excited free carriers is 
paramagnetic, which can be separated as follows. 
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Table 1 


Authoi 

Mean mass 
suBcoptibility 
at 300° 

Anisotropy 
ratio (;n;,l/Xj. ) 
at 300°K 

Susceptibility 
of earners 


XxlU'' 



Maty as (1958) 

-0.402 



Mansfield (1958) 

-0 462 


I'ai'Bmagnolie 

Van Doynse 
ft al (1969) 

-0.485 

1 63 


l‘ resent Authors 

-0 451 (j'; -typo) 
-‘0 392 (a-type) 

1 . 64 (jJ-typo) 

1 . 54 («.-typo) 

Paramagiiotio 


The observed susceptibility ;]^ of a semiconducting system may be assumed 
to be composed of Xl lattice susceptibility, Xc the susceptibility due to free 
carriers, and xi susceptibility due to impurity centres (impurity atoms or 
lattice defects). 

Algebraically, 

X = Xl-\-Xc + Xl‘ ( 1 ) 

Xl was thought to be a diamagnetic term which is essentially temperature inde- 
pendent. But Krumhansl & Brooks (1966) have shown that this should also 
include a paramagnetic term, somewhat analogous to the higli frecpienoy Van 
Vloek paramagnetism, but having a small temperature dependence of Ihe same 
order as that of the band gap, which, however, for ordinary temperatures may be 
neglected. Xc contains two temperature dependent terms • a paramegnetic term 
due to the spin of free carriers and a diamagnetic term due to their orbital motions 
in a magnetic field xi contains two terms : a temperature independent dia- 
magnetic contribution of the core and valance electrons of the impurity atoms 
and a paramagnetic temperature dependent term due to the net magnetic moment. 
Therefore in our case x written as 

-;v = ±x.±Xc{T)+xm (2) 

where is the temperature independent susceptibility arising out of all the dif- 
ferent contributions and x observed susceptibility. 

Now assuming a simple Curie law for the temperature variation of Xi 
plotting x'^ against T, we could find the contribution of Xi different temperatures 
(which in our case was actually found to be very small, a fact also evident 
from the temperature independence of x temperatures). It may be pointed 

out in this connection that the effect of Xi which arises out of the ionized and non- 
ionized impurity centres, is generally considered negligible and from electrical 
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moasiirements it was found that the impurities were all ionized even below 100“A". 
Mansfield (1958) neglected the effect due to impurity. From the low temperature 
portion of the curve obtained by plotting \'obi; Vi/ T (figure 2), after eliminating 
Xi> Xii could be found and it appeared to be diamagnetic. Subtracting Xo xi 
from Xobs we obtained Xc^ the contribution due to free carriers which obviously 
is paramagnetic, and increases with the temperature. 

Now it is well known (Buscli & Mooser 1953) that the ehargc-carrier sus- 
ceptibility of a semiconductor in the intrinsic range is given by 

Xc = ATh—E,l2kT ; (3) 

where A is a constant containing the appropi'iate eifcctive masses of cairicrs, 
Eg the activation energy and the rest of the symbols liave their usual significance. 
Plotting log Xc'^~^‘ against 1 jT. the resulting curve (figure 3) is found to have a 
straight portion within the temperature range 400’’ to 650‘^K, which we knowfveun 
our electrical, conductivity measurements to be well within the intrinsic region. 



FiRtire it. lop(;V(.T^i) aa a function of toraperature 

Uppcrcurvea refer to the cases when the magnetic field is parallel to the c-axis. 
Jjowercurves refer to the cases when the magnetic fioldis perpendicular to the c-axis 
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1 roin the slope of the straight lino portion Eg^s were calctilated and from the 
intercept the values of A were determined. The values of tliose parameters for 
different direotions and for both p-and »i-type specimens are given in table 2. 


Table 2 



Crystal 1 ogr aphic 

By magnetic 

By electrical 


cbrootioii 

moasiireinciitg 

nioasuromont«s 



A X 10« 

Eg in ev 

Eg 111 ev 

/j-type BiaTti.j 

Along c-axiB 

5 89 

0.21 

0.20 

Berpendiculai 
to 6-axis 

2 24 

0.21 

0.20 


n-l/ypo BijToj 

Along c-axix 

4.17 

0.19 

0.20 

Porpondioular 
to c-axis 

1 91 

0.19 

0.20 



The corresponding values of Eg obtained from electrioal conductivity mea- 
surements are indicated in table 2 It is observed that the values of Eg obtained 
from two moasui’omcnis may be considered to compare, in general, well ivith eacJi 
other 

ft is found from figure 3 that the curve deviates from linearity at lower 
temperatures. This may be due to the predominance of the effect of a constant 
number of extrinsic carriers in the valence or conduction band (due bo very small 
activation energy, all the impurity centres are ionized at very low 
temperature and this remains constant till the intrinsic carriers are set free) 
Within the purely extrinsic region of our measurements i.c., below 250®K, where 
the carrier numbers as pointed out above are constant, the carrier susceptibility 
is an adniixture of degenerate and non-degenerate regions. 

A complete discussion of these effects as also the evaluation of the different 
fundamental parameters involved in A, requires the development of a theory 
for single crystals, which has recently been worked out here and calculations are 
in progress. This will be published in a subsequent paper. 
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Letters to the Editor 

Indian J. Phys. 44, 609*610 <1970). 

Search for nuclear penetration in the internal conversion 
process of the 53 keV transition in ^^^Pr. 

H. S. Sahota 

Physics Department, Punjabi University, Patiala 
[Received 12 May 1971) 

Of the 33, 53 and 133 keV iranHition depopulating the 133 keV level in 
53 keV should have an hindrance of 7 compared to single particle estimates. 
Geiger et al (1960) from careful cnalysis of L subshell ratios established the 
multipolarity of this transition as My with loss than 0 Since retardation 

is a common condition for nuclear penetrations wc thought of making a search 
for them However, the if- conversion coefficient for this transition is far from 
accurately determined The findings of different groups as well as the same 
group using different techniques differ widely Geiger et al (1961) from the com- 
l)inod if 80-y and K 133-y results obtained a value for — 3.7dTl 0, while from 
the Ly 80-y coincidence spectrum results they obtained a value of aj^ — 8.6-1- 1.8 
and a sldl higher value of = 10±3 from their y 80-y coincidence measurements 
Iwashita el al (1963) found a value of ocj[ — 5.0. 

Mangal & Trehan (1969) from their scintillation spootroraoter singles and 
sum peak coincidence measurements found an aj{ value of 9.4il.O. We thus 
decided to re-evaluate this conversion coefficient for studying the penetiations. 
The y-ray intensities were taken from the work of Potiiis et al (1970) detoi mined 
with a solid state detector. The electron intensities from the work of Geiger 
el al (1960) were used 

Since fc»r the 53 keV transition only L .subshell intensities have been reported 
we liavo used the following method for finding the Jf -shell electron intenshy. 
Prom the K and L electron intensities for the 133 and 80 koV transitions we find 
that the KIL ratios are 7.2 and 7.4 respectively, for those transitions with errors 
of about 6 and 10 percent. We took the theoretical (Hager & Seltzer 1968) 
KjL ratio of 7.2 for the 53 keV transition energy and My multipolarity and from 
the L shell intensity after Geiger el al (1960) arrived at the K shell intensity 
for this transition as 14.8±2.2. Using the theoretical conversion coefficient lor 
the 133 keV pure My transition from the work of Hager & Seltzer (1968) as ajc 
- 0.495, the conversion coefficient for 63keV transition turns out to be ajc - 6 8 
J=1.6. Hager & Seltzer (1969) give the following relation for the lov ost order 
magnetic conversion involving penetrations . 

609 
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where (A = 1) is the conversion coefficient without penetrations and 
arc penetration coefficients for magnetic multipole conversion coefficients and A is 
the penetration factor defined as ratio of penetration matrix element to the 
gamma ray matrix element. Taking the values of the quantities (A = 1), JB, 
and B 2 from the work of Hager & Seltzer (19()8, 1909) and giving different values 
to A we plot a graph between (A) and A. 

From the grajih corresponding to our value of the conversion coefficient 
determined above we find A essentially equal to unity. Thus the conversion 
process is taking place without any dynamic nuclear effects present in it. This 
is confirmed from the study of the and Lu convei sion coefficients as well. 

The author is thankful to Professor B. y, 8ood for useful facilities and en- 
couragement in his work. 
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Binding energy of hyper nuclei from K" — capture 

By T. Roy and I K. Daftri 
Department of Physics. Jadavjmr University, Calcutta-32 
{Received 4 March 1971) 

(Pia(e-16) 

Experimental determinations of binding energies ol hypernuclei have been 
made during the last decade. Yet there are rejiorts of some observed uncertainties 
in the binding energies of hypcriiuelei. Thus it seems desirable to find the binding 
enei gics of hypernuclci just to increase the statistics and sharpen the mean values 

In this note a study is made of mesic deca 3 ^s of hyperfragments produced by 
--reaction at rest in an emulsion which yields data on the binding energies ol 
Iji’^ and The average binding energies of Li and B^% was foimd to be 

5 92 MoV and 8.90 MeV whieli agree with tin*, binding energies summarized by 
Levisetti & Slater (1968), Slater (1959), and Gilbert (195(3) as 5 5 MeV and 8 MeV. 

During a systematic scanning of an emulsion plate 4.8' X4.3' x400/^ thick 
exposed to K”-particle beam, with momenta 800 MeV/e at the CERN Proton 
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syncIivotiOn, a number ol event, s liave been obsorvccl among which llic case of 
Li’ A h.f, and h,f are mentioned here. Tliese are deaignatecl as event 1 

and event 2 respectively. 


Li\+2He4+Hi+7r-+t?c 

Li’-> 


1 


Event 2 


in event 1 as showJi in the plate 16 “-particle is captured by 0^® nucleus 
at the point A. Li’a h.f. produced decays at rest and gives the Be’ track AB. 
Brongs (Tl) and (T3) represent the negative pions, (T4) and (T5) represent 
the He^ particles and prong (T2) the i)arlicle. Also during the production 
of ncAv particles some energy is lapsed in the formation of ^-rays which is 
I'epresentod by Qc in the above reaction. Those data are given in table 1. 


Table 1 


Track 

Identity 

Bange 

(microns) 

Energy 

(Mov) 

Momentum 

(Mov/c) 

(2’2) 


1112.10 

14-45 

28.738 

(Tl) 

TT" 

480.10 

4.08 

2.399 

{T3) 

n‘~ 

648.20 

4.80 

2,760 

(Ti) 

Ho< 

1492 11 

38.85 

51.899 

(T5) 

He'' 

488 00 

20 43 

27.931 


The identities of different prongs were obtained from ionization, range mea- 
surements and from end point of each prong 

The above reaction satisHos (a) conservation of charge and (b) conservatjon 
of energy. The momentum unbalance of the reaction is 45.93^1.2, Mcv/c. 

The binding energy is most conveniently computed from the equation 
= S 

where the various m’s are the rest energies of particles involved in the event and 
Q is the total kinetic energy release, f represents the core of nucleus m which 
the particle A^ is bound, / is the h.f. whose binding energy wo want to find out 
and i labels as decay particles. 

f = 

= 5562,30+1091.92-120-50 

= 6633.72 


g„=/-£mt 

= 6533.72-6466.16 
= 67,50 Mev. 


B\ = Q^Qq 

73.20-67.66 
= 6.64 Mev 
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The binding energy found from other events has been found in the same 
manner and is as follows. 


Possible Expected Experimental 

identification J?(Mev) 5(Mev) 

Li’A 6.6 6.64, 6.49, 6.65 


Average bindijig energy of Li ’a is found to be 6.92 Mev. 

y Event 2. 

Bei®A-^ 7r-+B^® J 

The event 2 as shown in plate is the case of Be^^A which is produced 
when a K “-particle beam is captured by the nucleus in the emulsion and decays 
at rest to give B^“ and negative 7r-meson. Prongs (B) and (C) represent the tt- 
mesons. (D) and (i’) are particles, and prong (IIB) represents the B^“ nucleus. 
The data are given below. 


Table 2 


Track 

Identity 

Range 

(miorone) 

Energy 

(Mev) 

Momentum 

(Mev/c) 

m 

n~ 

2368.01 

10.31 

6.4139 

iG) 

Tt~ 

188 00 

2 30 

0.9536 

iD) 


2312.00 

22 62 

44.1026 

{F) 


7496 01 

44 39 

86 8433 


The above reaction obeys the energy and charge conservation. The mo- 
mentum unbalance has been found to be 58.51 

The binding energy is found in the same manner as in the previous case, 
binding energy turns out to be 8.64 Mev. 

We thank the CERN Emulsion Plato Division for sending suitable plates for 
our work. 
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3-phenyl 1-2-4-triazole 

By Dilip (Cumar Naq and RAUxiBAUANDA Gciu 

Deparlmmt of MagneMm, 

Mian Assoaution for the Cultivation of Science. Oalcutia-^^l 
{Received 16 A'pril 1971) 

Crystal sti’ucturc determination ol fi-benzene sulphonamido 3-phonyl 1 -2-4-lriazole 
has been imilortakeu in order lo get an insight into the biological activitioa of the 
compound. Tt has a romarkablo hypoglycemic activity, i.c. it reduces blood sugar. 
Its chemical formula is 


CA-C-N 
II II 

N C— NHSOj— C,H, 

The compound oryatallizos as transparent thin elongated plates. The crystals 
are very brittle, but quite stable at normal conditions of humidity and temperature. 
Rotation and Weissenberg X-ray photographs showed that the crystal belongs to 
the monoclinic system with a = 14.55 A, 6 = 5 87A, c = 16.42A, and p = 99.6“. 
The only systematic absouees wore for 0^:0 with Ic odd and h-\-l odd for (/lOl). 
This indicates that the space group is P2i/„. The density of the crystal as mea- 
sured by the floatation method u.sing a mixture of benzene and carbon tetrachlo- 
ride is 1.46, while the calculated value for 4 molecules of 014X40.^81! jg per unit 
cell is 1.44. 

Three dimensional intensity data were collected for hkl with fc = 0 to 4 and 
for MO using multiple-film equi-inolination Weissenberg technique with CuKa 
radiation. The intensity values of the spots were estimated by visual comparison 
with a calibrated strip, and corrected for Lorentz, polarization and spot size effects 
(Pliillips 1954, 1956). They were then brought to an absolute scale (Wilson 1942). 

The 6-axis being much 8hoi*tor than the other two, attempts were made to 
derive the struoturo from the zero layer data along this axis. Two Patterson syn- 
theses, one unsharpened and the other sharpened by multiplying the values 
by the zero layer function, were calculated. Prom the sharpened 

Patterson synthesis it was observed that the peaks due only to one benzene ring 
are quite prominent around the origin, suggesting its orientation, if it is assumed 
that the ring is almost parallel to the ac-plane. This showed that the two benzene 
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lings at- the two cuds of the molecule have neaj’ly the same orientation. But 
tJio S—S peak which should be heavy, could not be located uniquely even in 
tliis sharpened synthesis, Attempt-s were also made to obtain the structure 
from a series of minimum functions derived from the unsharpened synthesis 
Throe dimensional analysis of the structure is now in progiess. 

The authors are thankful to Dr. B. K. Paul of the Bengal Immunity Research 
institute, Calcutta, for supplying a few crystals of the compound. Thanks arti 
also due to Professor A. Bose and Dr. R. K. Sen for encouragement and discussion 
and also to the Council of Scientific and Industrial Research. New Delhi, for finan- 
cial assistance. 
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book reviews 

Physics — Part 1 and 2 

Edited by David Halliday and Robert Kesnick. 

Wiley Eastern Private Ltd., New Delhi, Price Rs. 13.60 per volume. 

This book has been published with the assistance of the joint Indian 
American Text Book Programme and is a carefully revised and expanded edition 
of the authors’ famous text booli '‘Physics for Students of Scicjice and Eiigineoring 
‘ first published in 1969”. 

The first volume contains Mechanics, Fluid Statics and Dynamics, Gravita- 
tion, Heat and Thermodynamics and the second volume contains Magnetism, 
Electricity and Light. The mathematical level in these volumes assumes the 
knowledge of a first course in Calculus. In specific problems vector algebra has 
been used, whenever this has been proved very fruitful. The authors have tried to 
reveal the underlying unity of the different branches of Physios. Throughout 
the text they have used wave picture, resonance etc, in Mechanics, Sound, 
Electromagnetism, Optics and Atomic Physics. They have discussed the limita- 
tions of the classical theories and introduced new ideas applicable in a broader 
domain. In fact the authors have preferred the topics and examples with modern 
flavour, wave-particle duality, the undertainty principle, the complementarity 
principle and the correspondence principle, etc. The book contains some excellent 
tables of some fundamental and derived constants, terrestrial data, solar system, 
fundamental particles etc. Largo number of theoretical and numerical problems, 
with a wide choice of level of difficulty and area of interest, have been provided 
at the end of each chapter. 

This book has no chapter on Nuclear Physics which would have been very 
useful to the students for which it is meant. 

The book may be considered as an excellent reference book for students 
of degree course of our universities and should bo considered as an asset to every 
library. 


P. A. P. 
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Phase Transformation 

American Society for Metals 
Seminar Coordinator — I. Aaronson 
Park Ohio, Seminar held October 1968, Published 27.8.70. 

Price 24.7/- pp. 632. 

The publication is the outcome of a seminar on phase transformation or- 
ganized by the American Society for Metals in 1968. Phase transformation is 
a phenomenon which is of interest not only to the metallurgists but also to the 
geologists, chemists and solid state physicists. In view of its importance in 
understanding the properties of materials, and also this phenomenon being of 
interdisciplinary nature, the publication of the book is an welcome addition in 
this field. The crystallography of martensitic transformation has been elucidated 
by the ciforta of a very active group of scientists mainly during the last two de- 
cades. vSimilarly an insight into the mechanism of diffusion and nucleation 
involv(id in such phase transformation has also been devfdoped through the conti- 
nuous efibrts of a large number of active research workers. Articles j)roBentcd 
in the book deals vdth the studies on the crystallography, the kinetics and 
nucloations of the various types of phase transformations, e.g., martensitic, * 
bainitic, massive transformation, order disorder transformation etc. 

The book discusses the recent experimental results on phase transformations 
and compares these results with the predictions of the theories. The articles 
clearly show that though in a number of cases the quantitative agreement between 
the two is quite impressive, there arc a few cases of disagreement and the com- 
plete understanding of the basic principles leading to phase transformation is 
still to be reached. The authors have taken care to discuss these areas of dis- 
agreement and ill some cases indicated the directions which the experimentalists 
should focus their attention for the development of the theories. While present- 
ing the experimental results, the authors of the articles have reproduced a number 
of surface reliefs and electron micro-graphs which are very spectacular and im- 
pressive. The articles also contain a very useful list of references which are almost 
up to date. Though the book is meant to benefit the active research worker, s 
in this fitild, the new entrants in tliis field will also benefit by this almost exhaustive 
list of references. 

The printing and the reproduction of the photographs are excellent. The 
book will certainly be a very useful addition to any modern library. The Ameri- 
can Society for metals is to be congratulated for bringing out such an elegant 
and useful iniblication on an interdisciplinary topic like the phase transformations. 


It. K, S. 
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Entry-length flow in a vertical cooled pipe 
By S. N. Singh and R. N. Pandey 
Departmmi of MaihmnuJtim, Baimran Hindu University, Varanasi-5 
{Received 8 February 1971) 

A. troatmwnl ol’ th(i flow iiiul heat transloi duo to froo convootioii iii tho tiilJ-y regiori of 
a coolod vertical pipo, whioli is upon at both oiids, has bccji fiiven. The aualy.HiH is baaed 
oil tho Lighthill method Further m tlie analyaiH, voloeitv and tempcratnie profiles have 
boon aSBUinnd, which satmly all the boundary couddiouM I’aiametors involved in the 
profiles have boon calculated by ussmnmg aeriea solution Jn the analysis, wo have defined 
a new rion-dimcnHionol miniher M, Avhich happens to be ii Junction of boundaiy layei 
iiondmiensional thickness S 'J’his nuinbei has an mfkienco over the fluid flow in the 
biuiudaiy layer region. A value of Jl/ has boon obtained for ivhioh vertical displacement 
Q is the inaxiinuin, on l.akiug oiilv firsl t\\ o terms of Q It bus boon olisetvod tJiut then* 
ig a docel( 5 ration of /low ui the viciuiJ.v ol the wall in boundary layei region duo to cool- 
ing of the wall and lucreasiug tho Kayloigh number. For Ji’ = 0(1 (F), there is a revorsal 
of flow' in the vioinitv of llio wall 


iNTKODUOTION 

Osliraoli (1954) obtained an expression for buoyancy forces on the fluid within 
the pipe relative to tho cooled fluid at the same level outside the pipe. In this 
it will bo bettej’ t'O regard the fluid as moving only iiiidei" tho influence of a 
pressure gradient and relative buoyancy forces within. OBtroumov (1968) has given 
an extensive treatment of tlie natural convection in eylindrica) channels in term 
of Bessel & Neumann functions. Lighthill (1953) has given an analysis of the 
flow through a cylindrical pijic in which one end is closed and tho wall of tho pipe 
maintained at a constant temperature, the body forces acting in tho direction of 
the closed end. It has been considered here that at the open end there is an 
orifice which supplies fluid. The flow of fluid depends upon the parameter ?/R, 
for given Prandtl and Rayleigh numbers When Ijlt is small, the flow is like free 
convection about a flat plate, hut when IjR is large, the flow is not like free convec- 
tion. In his treatment, he has used the integral method and in case of similarit-y 
regime he finds that tho flow fills the whole of the tube for a particular value ol 
IjR. Different authors have adopted this technique in the case of free convection 
in combined flow to slightly varied physical situations. Martin (1967) has per- 
formed experiments of heat transfer due to natural convection in a long extremely 
cooled vertical cylinder with uniform waU temperature, containing heat gencratmg 
fluid in a laminarflow (withPraiidil number equal to or greater than unity). Takhar 
(1967) has given a treatment for the entry length flow in a vertical heated open 
pipe. He finds that at Rayleigh numbers greater than lO^, the flow in the middle 
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()]■ tJiR pipe heoojiies Hta^ijnani. Tins analysis caiinot pjoduco saiisfaciory rthsull.K 
bolV>re the bouadary layer fills tlie whole of the tube. 

Ill the present paper, an attempt has been made to study tlie flow in (uitranco 
region of a vertical pipe whicli has both its ends open and is liising cooled A^itll 
(i) a constant temperature at the wall and (n) the w'^all temperature decreasing 
1 ‘xponentially as a function of vertical height Jt has been taken for granted that; 
(a) kinematic viscosity and thciiual conductivity are approximately constant and 
Boussincsijue approximation holds; (b) velocity and temperature profiles arc- 
assumed so as to satisfy the initial and boundaiy conditions; (e) the (Hpiaiioiis 
of motion, continuity and heat conduction have b(*en integrated to find out the 
various paiamctors involved in tlie analysis with the help of the ecpiations at Ihe 
axis and at the walls; (d) the niomontum and thcuanal boiinilary layer thiclaiesses 
arc assumed to be oipial; (c) The xiaraiuctcr Q in the assumed profiles gives tlu' 
vortical disiilaccmont outside the boundary layer thickness 

It is seen that boundaiy layer fills the cntiie tube so as to giv(‘ the lull}' deve- 
lojied flow through the jupe, and a revi'rsal of tlie flow occurs at tile cooling Rayleigli 
niimbe]' greater than l()‘h (hapli has been jilotted between 

M--. 

a-p'^ga'^ 

and the bouadary layer tliickm^ss 

It seems that the analysis may juove useful to eiigiiu'eriiig problems on lice 
convection in the entranc-e region ol the pipe. 

Analysis 

The equations of motion here ari' similar to differential equations ol liec 
convection except that the jiressuic no longer takes the hydrostatic value Tlie 
flow is assumed to be ol* boundary layer tyiie, which means that gradient of a 
quantity along the pipe is small as compaied to the prcssuie gradient in the radial 
direction Kcojiing this in view, we have the equations of : 

conservation of mass 

du 1 d{rv) , 

(ionservatiou of momentum 


/ du 

1 \ 

i i 

f d^u 1 

du \ 

i^Tz- 

'■‘’Tr) 


^ or^ r 

dr } 


0 = 

p dr 
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and (ioiKservatiou of hoat. 


u 


OT 

dz 


-\-v 


dT 

dr 


^ h 


d'^T 


+ ; 


dT ] 
cfr \ 


Avliore u, V aio tlio axial and radial veJocitios Ic and /ijp{ — p) an" tlio fhermaJ dil- 
Juaivil.y and fhe i) 0 (‘ffic-i('ntj of kinoinatii; viscosity, respoctiivoly. The initial and 
houndaiy conditions are 

(i) r — a., n — 0 — v, T — Tw !<>*' all /' 0 
(li) z — 0, u — v^o, — 0, T “ Tff for all r 0. 

Ijct T^i and 7\, be Lhe temperature' of the wall and that ol the fluid at th(‘ 
entry, respectively. Let us assume that the wall tempera turc is ol the fornr 
7\„ - T, -~ATf{z), u-here AT 

Further, Mie variation ol all ph 3 Msieal propiMtit's are ignored except the density 
involved m the buoyancy term Also tlu' Aisc-ous dissipation and work done 
against grax ity field ai e neglected Thus av(^ hax^e for the density in the buoyancy 
term 


I' - fT.-i { % -5 ( ■■ 

which can be regarded as Taylor equation oi state. 

Introducing coefficieni^ oJ' volume expansion at Tw as 

~ i ( Jr )t. 

WO can write (2) as 

-P - -Pu,-M'l'«’ -'l')- ('J'o’-'J'f- 


... ( 2 ) 


Substituting this in (1), xve get 



r or I ^ 


Tho toinTiorature ^T + n-T„ dofinos .-v moling Rayloigl. nnnihcr 

KP 

If Avo- introduce tlio non-dirnenBioiinl quantities as r =- aR, z ^ aZ 
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Wo liavo the equations of mass, momentum and heat as 

dV i d(ii;F)^, 
dZ dR 


... ( 3 ) 


4 [ m {-k 


(4) 


«-» 

+ j m (‘H) 

subject to the conditions 

A— 1, Z>0, t7=F = @ = 0, at the wall 

R > 0, Z — 0, LJ = Uq, V ~ 0, ® =- Ra, at the ont] 

whore is the non-dimensional velocity at the entry aloiig Z-direction. 

Integrating (3), (4), (6) over a cross-section subject to the conditions (6), 
we get 


J RUdR = iU^ 
0 


(5) 


( 6 ) 


and 

and the equations 

2^ 4 i(4 

C7 ^ = jL A. R^\ 

dZ R dR\ OR 
at the axis of the pipe, and 


(7) 


” OR 


1 B /jf dV \ 

r-m) 


0 = 


R M 


( 7? A® 

Vbr 


d©\ 


... ( 9 ) 


at the waU. 
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Here, we shall assume the velocity and temperature profiles of Kerman — Pohl- 
hansen type, which satisfies the oouditions given in (6) These profiles are : 


Pf7„ 


(<> < X < 1) 

PV„ 


) (0 < X < S) 

Ra 


V 

V 

Ha 1 

■-(■-in 

(0 < S' < S) 


whore ^ corresponds to a boundary layer of ni>n-diinousioiial thickness, oncloaiug 
a potential core ol radius and A" — 1 - /?. Hero, wo have two cases 

depending upon the way the pipe is cooled. 

Case I. 


When the tomperaturo of tln^ wall is constant the equation (6) becomes 


r/l® +r^ - '■ 

dZ ^ dJt K 



Case II. 


When the wall temperature decreases exponentially, i.e , when T^, =• T^-^T 
oxp(aX), where a is a small quantity. 

On using (8) and (10) we can find the value of L. Hence substituting the 
values given in (10) and the value of L in (7), wo obtain for case I 

P[5(G-4(y+^2)+Q^(5_2^)] :==30 ... (11) 

^ f [J'ii{I4(16-28(S+8i2)+4e«(21-10<S)+W8-3i)}] 

SiOo* do 


= j“-^^ha-.^^Pf7„-g(4tf»-14«+16)}.J|- ... (12) 

and 

^P{14(16-U«+4«>)+g«(21-l0«))]= ^ ... (13) 

We see that for <5 = 0, P = 1, = 0 at £? = 0. 


Obviously, <5 = 0 is a singularity for the above equations, for which we have to 
find the values of P and Q in the neighbourhood of <5 = 0 by considering series 
solution in terms of <5. Thus 

P = l+ai(5H-a25*+... 
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()ii rtiil)stitnting those values in (11), (12) and (13) and comparing the cocffi- 
of various powers of d, we obtain 

F -= l + .(i66(yH-(.016Jf-.033)d“ 

(6if=i^548.GJf-j .24ilf=»-747 37^+4705.4 l-GO 0Jlf7 ?«) .3 
1500 1157. 5 

Q - (1 S0~./l/)fri-(2()07-.17M-.OI7172_;{ 37j!a)^2^- 
Now lolind Z, siibati tubing the values of P and Q in cither of (12) ad (13), we have 
Z = |-{1 (U- ()3.3M)(J»-|-.,.l 

(UfSP TI. 

When tlie temporal nr(‘ of llie wall doorcasos exjioneid lallv (witb a as a small 
liuinbor), no have the iroatinont exactlv similar to the ease 1. Now wo obtain 
after simjdifioatioii 


- [ 7 ^{ 14 ( 15 - 146 '+ 4 (^ 2 ) ^.Q,5(21- lOr^')) 

the equation (11) and (12), and 

Z = .033^- |-( 101 l-.005a- 003JI/)(5«+ . 

Thus, wo haAi^c P, Q and Z in terms of the boundary layer thi(3knoRs d, 
Noav from the analysis of the problem, we have, 

4 

Nusselt number — 

0 


Heat flux at the wall I , 

\ dZ I 0 

►Skin friction at the wall ^ j ^ ^ 

Discussion 

We observe that due to cooling of the wall, the fluid in the vicinity of the wall 
in the boundary layer region becomes decelerated. This deceleration of 
the fluid also depends upon the cooling Uayleigli number Ra. As Ra increases 
fluid goes on decelerating and ultimately when it becomes greater than 10®, the 
reversal of flow occurs in the fluid in the vicinity of wall. 
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FiU'ihor, in tlie case of flio pipe llic How is duo to its continuity. It is noted 
tJiat in free coiirectioii, the adverse piessure gradient is conlincdto the bouiulaj’y 
layer produced by buoyancy forces, but in the case of forced convection, this 
takes places in the main stream also 

Wo see that for M = 0, Ila — 0, tho bouiiduiy layer fills the whole of the tube 
for Z —0.045, but at increasing Ra this value deci cases, ve easily see that at 



Figui'O 2 
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Ra = 0(10®), tlio value of Z is approximately 0.004. The 'value of M, for which 
Q is maximum upto the first two terms, comes out to be 

-6.795-3.88 
U=: - . 

which shows that this depends upon 8 The graph oi M vs 8 is sho'wn in 
figure 1. 

Also, we see that Nusselt number is a function of 8; heat flux at the wall and 
l-lie skin friction aL the wall aie functions of Ra and 8. 

Tlio graph of heat flux vs 8 for fixed Ra is shown in figure 2. 
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Stability of a Homopolar device 

By P K , JBhat* and M. Sbivastava f 
Df'parlntnit oj Applied Mathematics, Indian histitute of Hcience, 
8augal.ore.-\2 

{Received 3 October \^m~ReiHseA 8 Aeplemhct 197J) 

In this papL'j' wi* Jun n .shndu^il ihi' piitblmi ol’ iimLahililr m a Hoinij|i(jlai (ic\icn. \V(' 
coiiHidt'i Ui filasiuH. siioll ul liml(> Ihit'kimi^s aii(J •>! iiifiniln condiiciivil y In bi' in Hinudj’’ 
slain in tlir i)i'e,snn;(' of a spai'o vuryinj^ mu^nolif fiolii such as Idntid in Ixiou dnvnrti 
I hf iiisiahilitins lor a ili-vim ha\'n b(‘on studiod by noriijui iiiodo tt'C5liiiU|Lio botii lor 

axiHyinmi'li i(! and ii/iiiiulhal disfui bauuoh. H has boi'ii lound llial Llv Hystiun is iiu- 
slablo in zeiolli ortlor of Ihe jx-rturbalion |miaiMoLri‘/j fur an axisynimatrif’ distui'baiicn. 
Km ih( 1, the nifeot ol slow lotatmii and slowJv varying inagnoiio liold is io iiieroaHn 
ibo gi'owlb rain of inslabdily. Tho Kyslcui is iiiistablo iii tho zorolli oi'dor foi 
Ibn azmmllial disturbanon, Tho lirsl order diHjioi'sion rnlatioii shows lhal tho otfools 
ol low inteiiHiiy j'lng ourrouts is to inureaso Iho grow'Ui ralo oi‘ msl ability ■ i^lrlht>r, 
the inoroaso of rotatiou di'crofl-soK tho growth I’ato ol niHiabihty 


Jntroduotion 

The study of iiiKtabihties oucotintpred ui plasma systems is ol' uonflideva bJe 
imporia-ncti in eonnootion with fusion doviees and in astiopliysioal context. A 
number of iiivcHtigations has boon made by several aiilliors under varying asaump- 
l ions t'O got . 1 / magnetic trap whitdi continoa a plaama for sufficiently long time 
T’lie study of instabilities of such devices is also very important in order to find 
if those devices are useful for controller] fusion. 

ill t he pi eaont paper we have studied t he instabilities which set in an idealized 
laboratory device known as Txion or Homopolar device Tii this a plasma^ shell 
of very small resistivity is immersed in radial olectrie and axial magnetic fields 
■which decrease as the l adial coordinate increases The effect, of crossed fields 
IS to give each particle a driit perpendieulai* to both electric and magnetic fields. 
All experimental and theoretical speculation of this device for containment has 
been made by Boyer et al. (1968). They have shown that particle containment 
IS improved by tho centrifiigal Ibi'oe of crossed field rotation which has tho ten- 
deucy to keep the pai ticlos auay from the axis Pui-tlicr, Anderson et al (1958) 
have also iin estigated the characteristics of this experimental device. Perkins 

l^resonl- Addresses : * School of MaihemaficH. Military (Jollogo of Eiiginoeimg, 

Dapodi, Foona-31. 

t Dopaitmenl of Physics, Delhi tTnivorsity, Delhi- 7 . 
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& Post (JOO;)) wliik' iiivesljjj'atiug tlu; MHI) of a cylindiical plasma 

liav(‘ Icniiid tlial tlm s_\Hti’.m is unstable A\lienevei [■ntatioii js jneseiit. Verma 
&/ Veniia (lt)()5) bavci also irivesitgated the stability of a rotating j)]asma eylinder 
and liavo shown that, rotation has a stabilizing nilhienee 

In the present in\ cstigatioii we, ImN'c ajjplied the usual normal inode teehnnpie 
to study tJie, stability of the device In section 2 we han‘ recoicU'd the steady 
state In the siibsecpicnt sections we havii recorded the solutions for axisym- 
inctric; and azimuthal disturbance and tlu' coii esponding dispersion relations 
obtained after using the recjuired hountlaiy conditions which are discussial in 
detail in the last two sections. 


2 StHADV STATJi 


The non-dimciisional magnetu! tiidd in the steady stall* is gnen by 
fi(') ^ [0, 0, (I 1 < /■ < tn, 


and 


B(o) _ [0, 0, //j, 0 < /• < 1 

- [ 0 , 0 . JJ^], I > ni 


where the snpiuscrijits / and o stand for inside and outside of the plasma device, 
respect -1 vely. I'lu' electiic held inside the plasma region is 


£<<> - lA'/r, 0, OJ 1 < < ni 


and outside tlie jilasma region it is zeio. K is the lutation ])aiamet(*r and lu 
IS the ratio of the outei to inner radius The corresponding pressure and vi'locity 
can be calculated thiough the nionientuni eejuation and gmieralized Ohm’s law 
It- is Iduiid that diu’ to the* presence of edeetrie field m the radial direction inside 
tJie plasma region the azimuthal eoiipioneiit of tin* velocity is non-zero 


2 AxISYMMETUK* DISTUllBANUES 

\Ve Jieitiirf) the steady state described in section 2 in an axisyiiimetrie maiinei 
and assimui that those disturbances are so small that their stpiares and produces 
can b(‘ iKiglected In order to investigate the stability of such a system wv 
assume that these peitm bed (pianiil-ies vary with time and ^-coordinate expo- 
nentially ij'., as vhere w is the, angular I’reipiency and L is the axial wavt* 

number denote*, tlu*, amplitiules of the perturbations in vi'Ioeity, pressure, 

magnetic field and th(* electric held, respectively, by v> pt b ^ind e- We considei 
/y to be small and treat it as an ex]3aiision iiarameier so that 


X — . Xq I //XiH- . . . 
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wh(‘iv A islalconas i?, p, ^ and to In vioa\ of (3 1) tind iisinji the ‘ioverninii 
inomonlntu and Maxwcdl’s t‘qnaiions. wv obtain the lollonin^ equation for #>,) 
in the zei’oth order after linearization 




d?Vn 

dr 


{P 1 0 


(3 2) 


Tliis ecjiiatioii lia.s Ixhmi olitained on tin* ajiproxinnition of sIom rotation 
sncJi tlnit K e.an hi" tri'nied lo he ol tiie same order as // After solving (3 2) for 
and malciu^ use of thi' residlini*, solution iii lJu" 101101111111 , l» si'i. of i‘qualions 
we hud till" iollowinjr zerotli oriler solutions 

-- 

viflo -- d, 

'Vn -- 

!>„, - ' \A/,(I,) \-BK,(h)\. 

Wo 


ft,,, -- ±[AUl,)-JiK„{lr)l (3 3) 

“'ll 


'Vo -■ '*■ 

'Vo “ 

wlioro A and ft are nrbil rary coiistunl H of iiit.C}:rni ion , The Koverninp dif'feroni in I 
eqnai'ion for is f!;iv'"on hv 

|_j, '/'Vi _ / __ F’ |V1f„(/r)-BA'„(/r)l, (34) 

dr-^ r dr \ r- / r‘(oio“— /--j 


Solving (3.4) and taking care of th(‘ sot of equations involving other iihysioal 
quantities, wo obtain the following sot of first order solutions- 

Vri = + /i(ir)/2, 

»«1 = 0 , 

'^21 = l[-'llllo(^'*) — — -^o(l'‘)A 
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Wo L 

- ±{AlSr)+BK^(lr)}- {^/,(ir)+BA\(fo)}] . 

h0j -- 0, 

L 

^ ^ iAI„{lr)+BK,(lr)i- ( L -i “jJ {AUlr)-B£^(lr)}^. 

^ toQ{AijJo{lr) BnAQ(lr)— lK^h)Jj l}^^{lr)1.2] 

+ u>MW-BK„(l.r)}+ {AI,{lr)+BKJlr))], 



<'m ^ Anh(lr)+B^^KSr)-'rtKSr)ly-lh{W^- lAI,{lr)+£Ki(lr)l 

and 

p,, = - % (3.6) 

T 

where Ajj. are arbitrary constants and the integrals and /g are given b}' 
Ij-= { /,(*) _ {Ala(x)-BK^(x))dx 

and 

/- {4/„(*)-AA„(*)}<ia-. 

* r — ^*>0 ^ 

4. Solutions in vacuum 

We have to solve Maxwell’s field equations in the outside and inside vacua. 
The set of zeroth order solutions is 


and 


hfQ — ICIiiJ/r), bgff — 0, bzQ — 

®ro = — iEIi{lr)f e^Q = u}QCIi{lr), Czq — ElQ{lr) 


|o<r<l 


bfQ — — lDKi{l^), bgQ — 0, hzQ — 

firo — iFKj{lr)t e^o = — = FKq{It) 


1 


r'^m 


(4.1) 
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where C\ 2>, E and F aio arbitrary couHtauts ef integral ion. The sel of tol order 
aolutioiiB IN 


hx-y “ 


and 


e-ry -- 

Cg, =- t*t(yC\ylj{lr)-\-a>yG]i{1r) 


y 0 < r < J 


hxy - iWM^r), 


try - iF^iKiilr) 

Bgy ~ — Uif^l)y^^Kl{lr) —fOlDJi y{h ) 
e^i ~ FjiKfy{lr) 


{4.2) 


where Dyy, Fy^^ and Fyy are arbitrary couHtanis of iniegi’at.ion. 


5. Two-dimension A ii distubbanobs 

Starting with the steady state described in section 2 we have applied small 
amplitude disturbances of the type oxp {iwi-l-inB) to tlu^ system where n is the 
^vave number and w is the angular frequenej'^ After adopting the same proce- 
dure as done earlier but keeping K finite we obtain the following set of solutions : 

(?/) Zeroth order solutions 

Vr, - ( ) , 

- ^1^), 

Vgo == 0, 

6fy = hgQ — bgQ — 0 

j'.-MJ-SX'"*-!)' 

ego = Vfgj 

^*0 ~ 9. 


( 6 . 1 ) 
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(//) P'rrst order -^nhiiions 


''n - -’-"-'/a I "-'A, 

’ - ;.,rri -I 'AH 


-- 


^ i / ylr« 

2 \ a)„r“--??7r 

f - ■'7’ ) ( r.v-<- +,-« V, I ) 

'■(S-T) 

H-_^' I ^H(r). 


Cri ^ -i 


m 

2 


Ar^»-‘^ B 

4 4^-»i 13 




Cgi - - ^^^(Ar’>-^+nr-«~')-[-(Or«-' + nr-’'-^-r'’‘-'T„-i r«-'l,), 

<>?, - 0 (5 2 ) 


wlier(‘, 

7^ — J x^'7i’(r)dr, 

/^ — J x^'^B{oc)dx 

and 


72 (r) 


»-3 

(-=?) 
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(». Solutions in vacjuom 

Solving Maxwell’s liel.l equal, ions in Uie outside vacuum Me oldam the 
roJlowiiig sets of zerot.h and first ord(-r soluf.ioiis 

{i) Zeroth order mlidionH 


(Vo- 


and 


- AV" ' 

('oo - 


^20 


1 

- . - J 


(Vo 

(th) l<h)\st ordvt .solution 

bii -- 

c,i --lAfrn-i^ 

and 


•''flu ■— 


F„> "-‘■ 



0 

l<U|| 

l> 



((i I) 


-- A',/"-'. -0 

'tfi -- "" (w,A’„-! I 

" J 


6r, - " 

(;,i -- J, 

7 J)T SPICKS ION 


(V,; — iVV'-w-S cv, -- - (ca„y<\ -; coiAo) 

RELATIONS l'’OK AXlSYMMETiUO DISTLKIUN (1TC ANU 
OJSUCS.SJON (JN TllElVJ 



m 


((5 2) 


^\fl(‘i- .ij)})Jynig the hoiindary conditions at the lJu‘ jiertiirlM'd surl'aei‘s 
r -- - I I (diV) ex|) f 'A) and r- j ((!iV)exj)(/<fj/-i vV::) Me obtain the folio m mg 
zeroth and first ordei dispersion relafions, res])eeljv(‘l;\ 


h/;^7„(n/07ii(ni0lA^«(0/i(^) + ^/i-^(0^'i(/')}] 


I \{l:^IUHiy,{ml)K^{:ud) -/Mo(nd) A\{n//)] 

i c J au)Q^-\-biOff“-\-c — U 


(7.1) 
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and 

oji — /(ojff, 1, Ml, m). 

(7.2) 


Whs .shall calculate from (7.1) for given values of I, m, and 11^ and 
llic coi'iesponding fi om (7 2) which gives the effect of small rotation and the 
slow space variation of magnetic field. We have discussed the following cases : 

(a) Larfje wave-number disturbances : — Jn this case (7.1) reduces to 

f^V-)«)H-(Hi‘‘+l)(iV+l) - 0, (7.8) 

where - a)^{l and — From (7.8) we find that tlie 

.system is al^^'ay.s unstable. Further the effect of slow rotation and sloivly varying 
field i.s to increase the growth rate of in.stability. 

(b) Small wave number disturbances : — In this case (7.1) gives two growing 
uiodo.s and two decaying modes. Therefore the system is unstable From (7.2) 
we find that the inhomogeiieity in the magnetic fielti enhances the giowth rat(' 
of instability by a multiple of 

Thus a Homopolar device is unstable against axisymmetric disturbances. 

8. BlSPBBSION relations bob azimuthal DLSTURBANOE ANT) 
DISCUSSION ON THEM 

;\fter using the boundary conditions we obtain th(‘ t'ollomng disjioisioii 
relations of zeroth and first order respectively : 

^ -f if 3)7)? * - 

.|_ (3,i,3A'2+2RF),,yj2// __ („ , 2^,2 _ 2}ik'^) 

- a'iif“(3-i/i)(3-/f2)/a2 ~{n:^K^+2nK^)m^}-i- ■ /jif(84 /f-.) 
K(8a2A'“-2ar■i)w2«+a_,^ir(39^2A^2_|_2wA^2)(3^-i/J 
-\-nK{n^K^ H^)~\ 7tK{v:^K'^-\ 27iJC^){3~H^)nr} 

1 - (1. (8.1) 

and 

(Dj ^ F(tuQ, n, Hf, m, K) (8-2) 

^Ve shall find a>„ from the zeroth order di8i)ersioii relation and cu^ Irom tlu‘ 
first order (lispei‘.sion relation. Wo have discussed the following case.s : 

(i) From the zeroth order dispersion relation we find that in general if we 
express it in the form 


a(UQ*-jr4ba)Q^~i-6co)ff‘‘‘-t-4d(OQ-i-e = 0 . 


(8.3) 
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(lio discriminant oi the retlueing cubic given by; 

A ^ [7,-27,/^. (8.4) 

when* 

r [ac- M)<l\\icr] (8.5) 

and 

d {ace 1-2M- ad"- e/i-- r*}. (8.0) 

IS less than /eto I'oi m - 1-2, 77, _ 1 2 7\ - ()-5, 5 hn u - ],2:i modes. This 

sliows tliai it Jias i wcj leal and ti\() eoiupleA loots ^''liiis thi‘ system is unstable 
in the zeroth ordei- appj oxiinatioii 

l^i'om 1/he His(. ordei dispeision ndation note tlial the elYcets oJ’ low 
intensity ring euiients is to iiieiease the growth ralt' ol instability further 
as 1 \ increast‘s 1 he growth rah(‘ of instability di'crcases 

{hi) hor purel.V nnagin.irv loots ot (.lie zeroth order dispersion relation we 
sot oij, ~ ix and obtain 

[nKX^~lL^{;n \-2)nr» "d -2)va-'" a/v%‘la-2) 

^ “(3H 77..)u/.^'-2-M(3+77i)m’*'}i ' 

wlicre 

x\m>^ -ai-'^)-a=^{aA'2(3/H 2)nd' 

|-?<.‘‘‘7v''“(3-l /ij)(3-|-y72)m''^“‘^— a772(a— 2)'wr >^-1— hhK'\n-\-2)ni~^> 

l-d‘iA‘J(77i~-3)(3-y72)u?->''‘-^}4-{«-2/i^^ 

— 0 (K 8) 

Tims whenever (8 8) is satislied, we. have one unstable mode. Moreover, 
oij will increase the growth rate of instability by a fraction of 

CONCLUSTOltS 

By using the normal iiioile tochuiquo we got more insight of the inoblem 
as compared to that of Eneigy Principle It was extremely difficult to solve 
the diffoiential (‘.(juation sat.isfied by iieiturbed quantities m the axisymmctric 
disturbance for general rotation. However, we got a reasonably good physical 
picture even when K is of the order of xieiturbation parameter. The equations 
involved in tl-dieturbance could be solved for general rotation and wc find that 
-both the stable and unstable modes were present. Thus, as usual we eoncludi' 
that the net- effect of the d-disturbauce is to bring instability in the device. 


3 
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Quadruple hyperfine effects in microwave spectrum of S FtCl 

iiY K. 8. R, Mubty* and a. K. Mohanty 
Department of Physics, 0. M Golleye, Hambalpur, Orissa 
{Received 7 March 1970 — Revised 24 September 1970) 

The hyperfiiio simcturoi. ot tin* abaftipLitm Imoh havmt^ freqvieiioioB 26,643 86 Mc/s 
and 36,670-69 Mo/b obHerved in the niiojowavo spoptrum of iSP'bCI uaing a Stark Modula- 
tion Spootromelor and idoiitifiod witli IranaitioiiK J 7 +-6, of 3“C1 and J 10 ^9 
of 3 SPb^tq]^ roBpectivoly, have boon Btndied in dotuils. Tho liyporfine Htruoturea 
oould be intei'pretocl hh duo to tho combinod effticlH mamly of nuclear quadriipolc inter- 
action and BubBidiai'ily ol tho centrifugal distortion due to rotation The beat fit was 
obtained with quadrupolo coupling constant eqQ =-■= -81-6d;5Mc/B and the centrifugal 
tlistortion constant Dj* -- 0*0026±0 006 Mc/h for tho nucleus in ^^SFo^'sCl and 
-64-234:6 Mo/h and Dju - 0-0026d_0-0006 Me/s for the ^^ci nucleua in ^^SF^aTci. 
Those values of the quadrupole coupling i-onatant have been uHod for a diHcusBion on 
tho d-, and ionic characters of chemical bond 


Inteoddotion 

Tho quadrupole hyperfine structure in the absorption lines of the rotational 
apoctruni of SFgCl in the frequoncy range 29,193 Mc/s — ^29,198 Mc/s has boon 
studied in details using a Stark Modulation Spectrometer. The transitions 
involved were identified as J8 4- 7. The correlation of observation and calcula- 
tion made by taking tho value of quadrupole coupling constant eqQ — — 81-5 
id Mc/s and centrifugal distortion constant Djk — 0-0026^0 0005 Mc/s were 
reported by Kewly, el al (1960) In this work corresponding calculations 
for J 7 <- 6 taiisition for and J 10 <- 9 transition for ^^^SEg^’Cl 

are made and compaied with the experimental observations made earlier by 
Murty (1961). 


Experimental 

The absorption spectrum of in the frequency range 20,000-30,000 

and 36,000-37,000 Mc/s was studied at Cambridge by Murty (1901) using a 
Stark Modulation Microwave Spectrometer. 

Tho hyperfine structuio of the lines having frequencies 26,643-86 Mc/s was 
identified with transition J 7 <- 5 for the SF^^'Cl isotope and correlation between 
the observation and calculation is shown in table 1. 

♦ Department of Physics, Ravenshow College, Cuttack-3, Oria 
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Table 1 J 7 <- f> iransition 


Frequency in Mc/s 


K 

7<' + / 

/<’ 

( -‘a-loulaipfl 

Obaoi-vecl 

1) 

17/2 

15/2 

25,54 4 -OS 

25,544 13 


15/2 

1:1/2 

25,544 OH 



13/1> 

M/2 

25,54:1-41 

26,54:1 85 


11/2 

9/2 

25,643 40 


1 

17/2 

15/2 

26.544 17 

26,544 13 


J5/2 

i:i/2 

26,543 SI 

25,544 13 


LDI'l 

11/2 

26,543 27 

25.543 85 


11/2 

9/2 

26,643 03 

25,543-85 

2 

17/2 

15/2 

26,544'30 

26,543 85 


15/2 

13/2 

26.543-00 

25,643 0:t 


13/2 

11/2 

25,542 83 

25,643 03 


11/2 

9/2 

25,544 23 

25,644-13 

3 

17/2 

15/2 

25,644 94 

26,645-06 


15/2 

13/2 

25,541 67 

25,541 82 


1:1/2 

11/2 

25,542 09 

26,641-82 


11/2 

9/2 

26,645 37 

25,645-00 

4 

17/2 

15/2 

26,546'61 

25,545-06 


15/2 

13/2 

26,539-80 

— 


i;i/2 

11/2 

26,541-18 

26,641-82 


11/2 

9/2 

25.646-90 

26,547 03 

6 

17/2 

15/2 

25,546-49 

25,547 03 


16/2 

Kl/2 

26,537 39 

25,537-88 


1:1/2 

11/2 

25,539-77 

- 


11/2 

9/2 

25..548-.S7 

26,549 75 

0 

17/2 

15/2 

25,547-54 

25,647-03 


15/2 

13/2 

2.5,634-46 

25.534-92 


i:i/2 

11/2 

25,538-17 

26,537-88 


11/2 

9/2 

25,651-28 

25,551-25 


Stariiii" from aqQ value obtained for nuoleus in ■’2tSFr,'’®CI aufl uHinp 
the ratio of the iijuadr upole inoment of imelens aiul '*^C1 nucleuH given by 

= I^BRS 

V37 

a value of — 64-23^5 Mo/s is obtained for the quadrupole coupling constant for 
■”01 nucleus. Assuming the change in Djjc to be negligibly small for the isotopic 
substitution of ’*'*01 by -’’Cl the frequencies of the components of J 10 <— 9 transi- 
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values and caleulalcd values is shovTi in table 2. IMie intensiiios ol' lines in the 
transitions ai e loss than in the e.orrcsponding transitions for because 

of the lower relative natural abundance of ‘‘’Cl isotope Jt is only because the 
frequencies in this transitions are hfsjher and tbc abaoryh-ion increases with 
frequencies, that the nuclear quadruyiole cffecti could be observed in the transi- 
tions of this jnoleculai- species Calculations foi vahu^s of K lower than 0 are 
not included in the table as the shifts are much too small and ari‘ eei'tainly within 
the broad central peak observ(‘d The con elation is ^ood partieiilnily foi’ the 
extreme coinyiononts 

Table 2. d 10<— !1 transition of 

Mc/h 

Obaervoil 


.f5,C70-()0 
:t7,G(i6 74 
:{/),66a 74 
:i6,070'r.() 

.‘^5,670 GO 

3/5,66(v7<i 
35,070 GO 

3G.670-60 

3r).663-5t 

35,(170 60 

35,670 60 
35,661 -90 
36,663 54 
35,670 60 


Interpretation oe quadrupole couplino constant 

The value of quacliupole 'constani lor the “‘01 nuoleua luadc use ol in Ihis 
invostigatioii is -SlTi-iS Me/s and in table 3 are eollected the values IW this 
constant in different inolociiles In cases whore the coupling constants are 
known in solid phase the values are put in a separate column. They am obtained 
from observations of pure quadruiiole resonance (Livingstone 1961, Dailey 196,1 
and Nave et al 196S) 

The quantity eqQ involves a nuclear property Q and a moleculai property g. 

' Knowledge of eqQ and one of these enables one to determine the other. Tim 
quantity q can be estimated if the charge distribution over the molecule is known; 


Calf'uIatDiI 

6 

23/2 

21/2 

35,670 23 


21/2 

19/2 

35,667-30 


19/2 

17/2 

35,667-28 


17/2 

15/2 

35,670 79 

7 

23/2 

21/2 

35,670 97 


21/2 

1 9/2 

35,66,5 30 


19/2 

17/2 

35,666 1 5 


17/2 

15/2 

35 07()-92 

8 

23/2 

21/2 

35.669-87 


Jl/2 

19/2 

35,66;3-Gl 


19/2 

17/2 

35,664' 82 


17/2 

15/2 

35,671-05 

9 

23/2 

21/2 

35,669 66 


21/2 

19/2 

35,661-75 


19/2 

17/2 

35,663-25 


17/2 

15/2 

35,671-20 
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Table 3, eqQ for iu aoine molecules 


Moleoulea 

Solid 

Reference 

Cl (atomic) 



FCl 



ICl 



CICN 



Clg 



CHgCl 

08.40 

(Livingstone 1951) 


-72.47 

(Dailey 1960) 

CHCla 

-70.98 


CC14 

-81. 8G 


CHF2C1 

-70.60 


CF 3 C 1 

-77.60 


CHFCb 

-73 63 


CF2CI2 

-78.16 


CFClg 

-79 63 


CFaBrCl 

-73.36 


POI3 

-62 40 

(!Nave ei al 1968) 

POCI3 

-67.97 

„ 


eqQ 


Gas 

Reference 

-109.6 

Townes & Sohawlow 1966 

-146 0 

• 82 6 

83 3 

1 

- 74 74 

Nordsiock 1940, 

- 78.40 

Newell 1960, 

Tshigur 1948 

- 82 9 

„ 

- 87.0 



63.3±1 0 

(Nave et al 1968) 

66 4±1 2 

,, 


but the charge distribution involves knowledge of wave functions for the elec- 
tron in the raoleciilo. Accurate calculation of q has been made only for the case 
hydrogen dcuteride (Nordsieck 1940) as accurate wave functions are known 
only for hydrogen molecule. Somewhat- less accurate self consistent field mole- 
cular orbital (SCFMO) wave functions ar(^ available for a few other molecules 
But, so far as the interpretation of nucleai’ quadrupole coupling constant is 
concerned, one has to be content with the semi -empirical approach that forms 
the basis of the theory of Townes & Dailey (1949). They have given the follow- 
ing relations between eqQ in a diatomic molecule and the atomic cgQaio which 
is obtained from the atomic data. _ 

The quadrupole coupling constant for an atom foi niing a hybrid bond with 
a negative ionic character is 

eqQ = ( 

For the partially ionic bond 

eqQ = [(— 1+«— (i)(l=»)=2(l+e)i]egCaio 

.s, d and i are the amounts of s-, d-, and ionic characters in the bond and 
(1+e) is the ratio of the interaction between a valence p electron and the nucleus 



Quadrupole hyperfine. effects in microwave spectrum etc. 639 

when the atom is positively ionic and neuti-al. The value of e is Imown and tabu- 
lated for various elements (Dailey & Townes 1966). 

The ineasiiromeuts oi (luadriipolo effects, however, caiuiot determine the 
thiec quantities s, d and i. Ounsoquontly, reasonable assumptions concerning 
»v, and d, arc to bo made in ordin* to deierraino the value of i. Townes & Dailey 
(1949) arrived at a purely empirical lulc, “Cl, Br and 1 bonds are considered to 
have 15 percent i-charactei', whenever halogen is bounded to an atom wliich 
is more electropositive than tlie halogen, by as much as 0‘26 units; otherwise 
jio hybridization is allowt^d . In the diatomic molecules considered by thorn, 
they put the limit ol d-character at about 5 peyceiiL The ionicity arrive at from 
these considerations plotted against the oJectroiicgativity diffcu'cnce between the 
bonding atoms gives an .s-shajiod ciirA^e Cordy (1965), however, has different 
vioAvs on hybridization of oi bitals. 

The length of S-Cl bond in SFgCl is very nearly the sum of single bond co- 
valent radii for sulphur and chlorine (Pauling 1960) So it is reasonable t^o assume 
that the double bond character is uot presentj in the bond. Hydrolysis of SFsCJ 
indicates that chlorine is positive 'riie positive nature of the chlorine atom is 
supported from the observation that SFgCl is a powerfid oxidising agent If 
chlorine is positive two p-i3lectronH must be missing from a {m — 0) orbital 
With two missing electrons, C1+ should have a value of q = — 2g'*‘aio. Hero 
refers to Cl"*" atom and may bo different from gg^o for the natural atom, even 
though the difference is not expected to bo considerable. In the diatomic mole- 
cule FCl, where chlorine is positive, eqQ observed has a value, 146Mc/e. This 
is considerably lower than — evidently due to the ionicity of the 
bond. 

Considering the expression for the ratio of eqQ and in the case of a 

positive ion, it is found that in the case of SF^Cl the value of s-d must be high 
and ionicity low. The following table 4 gives a few sets ol values (d ionicity 
and {8—d) that are consistent with the ratio. 

Table 4 



{e-d) 

0 

0.20 

0 1 

0.64 

0.2 

0.80 

0 23 

1 


The upper limit set for these calculations for the ionicity of the bond is 0-23, 
but it should be lower than tliat, because otherwise (s-d) becomes unreasonably 
high. 
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A new logarithmic form of overlap repulsion for 
the heavier salts 

JJy Iv. V ]>A]SDE, K J). Miska and M N. Shabma 
Ikpaiimejit of Phyair.s'. VuivnKiiy of Luchnoiw Luchiow-1 
{liecmred l(» April 197(1) 

'Ihc vai'JDiiH ]ii (ipt'i iirK itriur-lxl ]iali0(.‘s heaviiM lonn 1 isym‘ Ihm'h slviiln'd 

on (lie liiiRii^ ol a nitulOicd iioav liijjaiithnwr form 1 lo}x,(l \-R]>'^') h>i oviaJap ivpnlHioii. 
Thp nPcoHHurv HquaiionH Tm tlic' paiuiiKdois 1 anrl H havi' tlnvivoil ui^inp 

dll' room (emiionituri' Wiliici* nmdilioMs Thrwo panunt’liMH liavo lioon iil.iUzi'd (o 
comjiuU' ihi' colli .Mvr i‘o('ip,iir loin' l•ollnl,lln(.s. i chIM rahlon fjPi|m*ncios and Dcbyi' 
i'hiniM;tcnsf.U' (oiiiprraliirt's. ll. is infciTcd I'liul tlic (jhi-oroticul values of thebo lattiee 
prope'rtiOH eouipare well MdU ohsej-ved values imd ni’e nnieli lietier Hum Hie other eoin- 
[)uiod values repoiled eavliei 'I’ho pioHimt approoeh selves to jintify Ihe iideouacv 
of thf3 tjhoBon [lotontial enerpy hmetion for tlio heavier aalth also 


iNTftODtrCTION 

The theory of ionic cryistals was first deroloped by Born and later extended by 
Born & Mayor (1982) and others. The cohesiv^e energy of ionic, crystals consists 
of the Coulomb interaction which gives nse to Madohiug’s energy, the short, 
range repulsive potential energy, the dipole-dipole and dipole-qiiadrupole inter- 
action energies and the zero point energy. 

The need for a repulsive potential in order to maintain a. stable crystal was 
recognized long before t.hc advent of quantum mechanics and in order to 
facilitate the computation of cohesive energy of ionie crystals, Born and other 
Avorkers adopted an empirj(',al repulsive potential of the foi'm A/?'", where A and n 
are constants to be determined by the condition of thermodynamic equilibrium 
of the crystal lattice. 

After the advent of quantum mechanics Born & Mayor (1932) introduced 
an exponential form Aoxp(-r/p) where A anil p were taken as potential para- 
inetorH. These forms for repulsive potential are not quite adequate. The Born 
form IS a fair approximation for short, range of r only, whereas m the Bora & 
Mayer (1932) form p is chosen quite arbitrarily for different crystals and the 
constant A has ionic radii dependence Keeping in view the limitations of these 
repulsive potential forms, Prakash & Behari (1969) have recently suggested 
a new logarithmic form for repulsive potential and successfully calculated the 
coheisve enei'gies of alkali halide crystals at l)"K. in the present work we have 
modified tlie logarithmic form of the overlap repulsion by taking into account 
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the dipcjle-quadrupolo interaetioii energy term, because Van der Waal’s potential 
shows a systematic tendency to increase for salts of heavier ions 


JllVALTJATION OF POTENTIAL PARAMETERS 


Taking into account all the above interaction energy terms, the cohesive 
energy per unit cell in an ionic crystal may be written as 


(//(r) ^ - ' 


--0.(1+^) -I- 


1 ) 




( 1 ) 


where a is the Madeluiig’s constant, e the electronic charge, r the interionie dis- 
tance, A and B the potential paramelors, O and D Van der Waal’s interaction 
constants and f. the zero point energy 

The potential parameters A and B are evaluated rrom the room temperature 
equilibrium lattice conditions due to Hildebrand (1931). 


and 



1 '^vToiv 

1 dr i 

r-n) ft 

/..a 

] Ft. 

\ dr^ 



(ii) 


{^) 


whore J] is the compressibility, the thermal expaiiKioii, T the absolute scale 
room temperature and v the volume per ion pair given by v = VjN — in 
which k — 2 for fee. crystals, k— 1-54 for b.c.c, erystals and k - 3-2 for 
crystals having zinc blende structure correction term which is taken 

to be equal to unity due to iion-aA’^ailability of data required for its computation. 

Hlquations (1), (2) and (3) give 

A 1 ^ I- ^^'*4- ^vTao \ / ] j V* \ M) 

^ ■ 9 \ ro C C ft }\ ^' B } ^ ' 

and 


B 


8aeV+186V+8/?-3Wo»(102’a^+3)//^ 

"ae* 366’ (i4i> , 3v 

'it '0 '0 


( 5 ) 


Computation of crystal properties 


(1) Cohesive energies 

The values of A and B oomputed on the basis of equations (4) and (6) have 
been utilized for the theoretical determination of ^(r) from equation (1) which 
are presented in table 1. 
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Tabli' 1 ValiiPK of Cohesive Energies 
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(Tvcal/mol) 

(.Ij'VHtlll . 

ISvpt. Thmiv Thoor/r’ I’Kedi- 

pq.(l) 


NH4n 

- 

lfi4 1 



NH4Br 

- 

150.0 

_ 

_ 

('a(’l 

L»ai 9« 

2M 0 

211 0 

216.0 

(Jill Jr 

21C n« 

2(M . M 

20] 0 


CuJ 

2J:J.4'' 

107-2 

105 0 

104.5 

AkCI 

205 1(‘ 

20rMi 

107 5 

197 0 

AgBi 

20] . H'' 

103 3 

100.2 

100 5 

Agl 

J99.0'' 

ISO 0 

183.0 


TK?1 

170. 

100. S 

161.5 

ICS. 2 

TlBr 

u\r,.(V' 

150 2 

157.6 

162.1 


(fi) JVIaypi- &; Lov.v (UKKt) 
ib) Mayoi 

(i‘) Saxona & Kachhava ( 1 W(i 1 ) 
(f/) Maihiii’ & iSiTiph (1U67) 


(2) Restsimhlen. freqve'i}cies 

Krishnaii & Roy (1951) and Born & Huang (1954) have given the follow- 
ing relation for the force constant in terms of potential paramot ers, 

/=- 3 [«iVo) l ^ V^'W] (t>) 

in which </>'{r) and <p"{r) are the lirst and second derivatives of ^{r), (^(r) contains 
the rest of energy jn ijr{r). except the Oonlombian term —ae^jr). Using equation 
(6) in conjunction with equation (1), the expression for the force constant can be 
derived as 


„ ^ _ IOC _5GD 

Now if we consider the polarization of positive ions with respect to the lattice 
of negative ions, the reststi ahelen frequency can be computed from the equation 

, - (27r)-if/(e^+2)]«We,+2)l-l (8) 

whei.e fi is reduced mass per ion pair, c„ and are the static and high frequency 
dielectric constants, respectively. The calculated values of / from equation (7) 
have been used to compute r(, on the basis of equation (8) and are tabulated in 
table 2. 
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Table 2. Values of Force Ooiisianis and Reststrahlen Frequencies 


Crystal 

/X 10-4 

Eq. (7) 

vq 

X 1 0~^^ cm/sec. 

Expi. 

Thoor. 
oq. ( 8 ) 

Theor.'c' 

NH 4 CJ 

2 756 



4.26 



CuCl 

9.065 

5.67« 

5 31 

5 344 

CuBi 

S.137 

5.27“ 

4 67 

4 692 

AgCl 

7 095 

3 09'' 

3 99 

4.168 

AgBi 

6.422 

2.40" 

3.06 

3.086 

TlCl 

3.241 

1.89" 

1 . 85 

1.909 

TlBr 

3.089 

1 43" 

1 36 

1.691 


(а) Born & Huang (19£i<l) 

( б ) Jones et al (1961). 

(c) Snvastavft & Mad an (1967) 


(3) Debye Characteristic Temperature 

A number of relations have been given for ©n in terms of compressibility 
and lattice energy by Joshi & Mitra (1960) and iSrivastava & Mad an (1967) 

It is seen that' their results arc at' vai-iancc when compared with experimental 
results However, in the jDresent work a relation has been suggested for © 2 ? < 
in tierms of the vaiious lattice properties. If the value of force constant. / is 
computed from equation (7), the value of ©jj can be easily obtained from the 
equation 

- A(2;r/.)-i[/(e^+2)]iW6o+2)]-l (9) 

where h is the Planck's constant and k the Boltzman’s constant. The theoretical 
values of for a fe^A metal halides have been presented in table 3, where these 


Table 3. Values ol* Debye Characteristic Temperatures 


Oiystal - 



© 2 ) ^ E 



Expt. 

Theor. 
oq. (9) 

Theor. 

Theor. f"’ 

Theor.'®' 

NH,C1 

— 

204 

— 

— 

— 

CuCl 

— 

2.55 

255 



CuBr 

— 

224 

222 

— 

— 

AgCl 

183 

191 

198 

136 


AgBi 

144 

147 

147 

128 


TlCl 

“ 

89 

89 

— 

167, 123, 
126, 164. 

TlBr 

— 

66 

66 

109 

123, 114, 117 


(a) Sharma (1969) . 

(&) Reddy (1963). 

(c) Mitra & Joshi (1060). 
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have been compared with the; exporimeiital values as well as with the calculated 
values from othe.r methods. The present values of are in excellent agree- 
ment with observed values and are in a much better fit with the values oblained 
from other determinations. 

IhsCTJSSIONS 

The theoretical values of ^(r) (table 1 ) using the logarithmic form of repulsion 
interaction in terms of various lattice properties are. in excellent ugrc'cment wit.h 
Lhe experimental rc.sults when compared with the theoi’etical values of Saxena 
& Kacldiava, (1964) who employed the Bom-lVlayer potential energy function, 
and wiih those ol Matliur & Singh (1967) using Varshni & Shukla (1961) 
potential model Avhich neglect the dipole-dipole and dipole-quadrupole inter- 
actions. 

The computed values of (table 2) show a super ioi’it5' over the theoretical 
values of Srivastava & Madan (1967) employing the repulsion interaction term 
of the form Ae~^/^-ncglectiug the contribution of dipole-dipole and dipole- 
qiiadriipole interaction iei'ins, which are quite important for crystals containing 
heavier ions, when compared with observed values of Vq Tn view of the present 
simple approach using a more aoeurute pot(;iitial model, the present results are 
comparable to the results obtaincid from the st-iuly of frequency versus wave 
vector dispersion curves. 

The calculated values of ©j^ for AgCl, AgBr are in better agreement with 
tihe observed values of ©j> as compared with the calculated values of Reddy 
(1963). Unfortunately foi* other crystals observed data ar(‘ not available, there- 
fore we can predict, tin* correctness of theoretical values of for NH^Cl, CuCl, 
CuBr, TlCl, and l^lBr <in this basis The authors feel that the. old and inc'om- 
plote experimental data For need thorough revision for these' crystals. The 
salts cousidereil here have different- characteristics from the alkali halides. These 
salts have a liigh value of at tractive Van dcr Waal’s potential so that the con- 
tribution due to dipole-quadrupole interaction is quite significant for them. 
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Hydromagnetic source flow 

By M. A. A Khan and K B Huivastava 
Ih'pdi'lmml uf Maihemntks and Jslionomy, L'ucl'vow University, 
Ltichww -*7 

{Petieived 17 November 1970) 

'I’lu' .s('O.U(l\ llnw nf a. viHcoiih iii(M)inpj'(‘.snil>le ami rlociiically luiudueliii^ Jluid Ixd.w'c'i'ii 
|iaral](il (‘(uixial cIisUk vviih a, 1 1 aiisvoisi* miifjfufd ii* field hiw boon ujuilyned 

ibr two disJtH live roluiirifr vm(1i tile hiiiiK* velooily and iiieii} ib a. Huiirre u.i flie oi'ntir. 
’J’lie voided dl thi' fluid lolalive bi (he diaks is hu[n»d,‘-vil to be Hrnall 


1. Introduction 

Tho yioftdy Ifiiuiiuii' soorue How b(‘twe(^ii two pamllcl (liaks rotating in tlio Hauu* 
dirertiou \vith tlu* same roust-aiif angular velocity lias becoi studied by Kreitb 
& Penbe (1905, 1900) and Broitor & Pohlhauscn (1902) lleeently Khan (1908) 
studied the ('ffeet of porosity on the laniiuar souicjt* tlou' bctwoeii two disks rotat- 
ing with the same velocity. Purthor Khan (1909) exleiided the problem oJ 
Kreith & Peube, to hvdroiiiagiietics and calculated the (‘Ifect of luiiforin trans- 
vei'se magnetic field for the two cases. vfZ., 

(i.) when the applied IranHve.rse in.isnetie field ih small, 
and (ti) wlien Ihe rntalional Tayloi iiiimhers of the two disks aie small 

In the present papoi an attempt has been made to analyse the How of a 
viscous, iucompressible and electrically conductiufs fluid in presence of a constant 
transverse magnetic field, when thoie is no restriction on the strength of the 
magnetic field (but the, induced field, is neglected), or on the rotational Taylor 
numbers of the two disks, b\it it has been supposed that the velocity of the fluid 
relative to the velocities of the disks is small Source flow problems of this 
type are of mterost in the design of viscosity pumps (Hasinger & Kohrt 1963, 
Rice 1963), rotating heat exchangers (Clark & Bromley 1981), air thi-ust bearings 
(Grassam & PowcU 1964), multiple disk turbines (Armstrong 1952, Gurbert 
I960), in calculating the less of lift in ground effect on VOLT aircraft with cen- 
trally located downward pointing jet, and in the design of radial diffusers, 

partioularly with reforeiice to the design of efSeient internal ducts in annular jet 

ground offcot macliincs 
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2. Basic equations and boundary conditions 

Let. UK take the axis of rotation of the two disks as s-axis and lot the two 
disltH be situated at z — Consider the How of an incoinprcssible fluid bet- 

ween two parnllel rotating disks with the som-ce at tlie e.entre. 

The governing non-dimensional hydromagnet ie equations of motion in 
c‘yJindrieal polar coordinates arc* 


du , du, 0^ 
dr dz r 


"dr dr I dr d7^ 


Mu, 


dv . dv . uv , 

V-*”'a?+T^,5.Lr+- 


d /dv. 


}L \ -I- — 

r / dz^ 


Mi\ 


(2.1) 

(2.2) 


dw I Ow Op . (T^w , I dw , d'^w, 

'T- -■ “-/+ ^-2 + a 7-W ’ 

dr dz dz dr^ r dr dz^ 


( 2 . 3 ) 


and the equation of continuity 


|.(r»)+^(r«-)-0 


( 2 - 4 ) 


where the non-dimensional quantities are defined as 

2 u 


Vr/w Vr/oj 


y/vui 


V vD 

V ^ , w ^ -- - , p 

yvw vvw 


L., M = 

pou 


Tf the I wo disks rotate with angular velocity cu and the strength of the source 
is Q, the boundary conditions are 


u = 0 'I 

V = r J- 

I 

w 0 J 


at = -_pa 


( 2 . 6 ) 


r j adz — K. 


( 2 . 0 ) 


Avhcrc a = — -- 
Vvfa) 


and K = 
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3 Solution of thm problem 


It ivS coJiN^eixieiit to iiiirocliioo instead of v, xvliicli is the 
tiiiigeiitml N'^eJocity in the fixed system of cooi'diuatow, the 
tangential velocity iidative to the disks 

noii-diiuensional 

noii-dimensioiia] 

V 


Substituting v — I'+r Ihe equations of motion and assuming that t)ie velocity 
of fluid relative to the disks is small (this eondilion is xvell statislied for large 
radii), so that the quadratic terms are negligible, we obtain 


(:m) 


(3 2) 


(3.3) 

and the no-slip boundary eonditions then become 


u{r, ± 0 L) ^ 0, 


v(r, ha) ^0, ► 

(3 4) 

“ (r, :J a) — 0 


The ofiiiation of continuity (2 4) is sat-isfied by introducing 
<// defined by 

a stream function 

1 dilr 1 fh/r 

u— - 1 .w ^ 

r dz r Or 

(3.5) 

The solution can then be expressed in the form 


-=.r/'.rl/'»+'^h>h>+-+h+-- 

(3.5) 


(3.7) 

Af fn 1 ./a 1 ]. (^*' i_ 

(3.8) 

p = i-K+K log »-+ 7 +*j +-+,.v 

+..., (3.9) 


5 
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Substii.uiing these values of m, V, w and p in equations (3 1) to (3 3) and 
equating terms in like powers ol r on both sides, we get an infinite system of 
simultaneous ordinary differential equations. The first five systems are 


(I) 


(H) 


(III) 


(IV) 


■< ~ ^(f/«i + l)' 

A' 2 - 0. 

9 n~Af 0 — 

^ 0, 

.r'\ - 1 “ 'Ah =- ’ 

k\ 0. 

^/'^2+2/'2 — gQ]rMy2 

^ ^'z — / 0 


(V) 


.r 2^3 + Jlf/'3, 


Solving system (L) and applying boundary conditions, we have “ 
r ~ i(s) — cosh {z^^r cos 6^/2) cos (z\/^‘ ^/2) 

-f sinh (2:\/r cosh <9/2) sin sm ^/2 ) — ~^ a ^ 4^ ’ 

r/-.i(2:) — sink {z^r cos 6^/2) sin {z'\/r sin 6*/2) 

' cosh {z'\/r cos 0/2) cos {zy^r sin > 
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where r — 0 — Laii ^ "ZIM and A^, Bi and are constants given by 

^ ^ cos 012) sin [oLy/r sin OjZ) 

- Hill 0j2 siiili (a \/ r cos 0/2) cos (a y/i sin 0/2) 

-(x.y/r sinh (a-y/r cos 0/2) sm [ay/r sm 0/2)1 
-[cos 0/2 sin {2oty/r sin 0/2)- sin 0/2 smli {2a‘\/r cos 0/2)], 

(“V* cos 0/2) sin (a-y/r sin 0/2) 

-|-ooR 0/2 sinh (a0- cos 0 / 2 ) cos (ay r 0 / 2 ) 

-ocy/i cosh (ot-y/r cos 0/2) cos {oLy/r sm ^/2)] 

-leos 0/2 sin (2a'y/9 sin 0/2) -sin 0/2 sinh (2ay/r cos 0/2)\, 

^ v>oH0/28mh.{2ay/moH0/2)-\-mt\0l2Bm{2ay/mm0/2) " "] 

h - —<x.\/r{coa\i{2<x\/niO80/2)-\-i:o8{2a'\/rHm0/2)} I 

! '1/2'-. 4 j|^2_|_4 . 

[_ cos6^/2sin(2a'y/ /‘Riii^/2)— sin6//2sinh(2a\/y'C()S^^/2) J 

f cos6//2sinh(2a'y/rcos6^/2)-l-Bin6^/28in(2a\/rsin6^/2) '] 

. 8 , 4:M —ay'r{cosh{2a-\/rcoH0l2)-\-iiOB{2ay/ram0/2)] ^ 

; M2_l 4 /l/2j_4 Z 

_ oos0/28in(2a'y/rsin^/2)— sin0/2Binh(2a'v/reos6^/2) _ J 

Putting M ^ 0, the values ot’/'_i(s) g_i(z) and h_^ reduce to those obtained 
by Kreith & Peube (19(36) 

Solving tlie system (IJ) we have 

/o -- <7o ^ 

On solving system (111) we have 

f\{z) == cosh {z^/r cos 0/2) cos (sV^' ^/2) 

|-i<j smhlzV cos 01^) sin . 

f/i(z) ^ *4a siiili (z V»' «•>“ ^1^) “» ^/2) 

— JSa cosh (zv'’"' 008 fl/ 2 ) cos (zV^sin (?/ 2 ) 4 - , 
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wlioi’e 


r 2Mh 1 

2 ^ 4 J {^-y/r fos OI2)sm{a\/7' sin 012) 

— flin 0f2 sinU(a'v/f cos ^/2)cos(a\/r sin 012) 

- |a\/r I j I sinh(iX-\/y cos /'y/2)sin(a-\/^' sin r^/2)] 

—[cos 0/2 sin(2ay'r sin 61/2) —sin 0/2 Binh(2ay'r cos 0/2)], 

/?2 ^ j fsin 0/2 cosh(a'\/r cos 0/2).sin(a-\/r sin 0/2) 

H-oos 0/2 sinh.(a'\/r cos 0/2)co8(a\/r sin 0/2) 

— |a-\/r+ 0/2)cos(av'r sin 0/2)] 

— [cos 0/2 siii(2aVi siii 0/2)— sin 0/2 8inh(2a'v/r cos 0/2)], 

/i,^ — iC'\/r{cosh(2a\/»' cos 0/2) -| cos(2aVr sin 0/2)} 

-i- 8in(2ay'r sin 0/2)— sin 0/2 Binli(2a\/r cos 0/2)} 

-f ^^^_{cos 0/2 sinli(2a'v/r cos 0/2)+8in 0/2 Rin(2a<v/r sin 0/2) 


— a\/r((5osh(2aV’^' cos 0/2)+cos(2a'\/^’ ^/2)} | • 


Piitiing M = 0, the values of f\{z), g^{z) and again reduce to those obtained 
by Kreith & Peube (1906) 


On solving other systems wc have 


(u-2,3, ...) 



Table J 

. a — 1 


]/ATi(^) 

c 

11 

M - ] 

M = 10 

0 0 

0 727 H 

0 . 72.36 

0 6658 

0 1 

0 7216 

0.7177 

0 0628 

0.2 

0 7031 

0 6997 

0 6535 

0 :3 

0.0716 

0 6695 

0.6369 

0 4 

0.6265 

0.6269 

0.6111 

0 5 

0 . 5660 

0 5678 

0 . 5736 

0 0 

0 4916 

0.4941 

0.6203 

0.7 

0 3988 

0.4026 

0 4464 

0.8 

0.2872 

0.2916 

0.3414 

0.0 

0 1549 

0.1684 

0.1972 

1.0 

0.0000 

0.0000 

0.0000 
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4. Discussion 

Curves liavo beoji (liuAvii showing tlie variation of g„^{z) and (i^{z) 

with ^ wlien a 1 and JW ^ 0, I and U). The variation of f\{z) with s is shown 
in table 1. 

From figure 1, it is seen that for iho rnagnetie ease {M 1) the value of 
f ~Az) is zoio at tile two disks. It inereasi's ra]n(lly as tlie non-dimenHionaJ 

Variation Of Uith z 



distance from the disks increases from 0 l.o hb'22 It attains its greatest value 
at. s ^ 0-78 The value tlien decreases rapidly and again attains zero value 
at. z ~ -|:0-45 Lt then becomes negative and its numerical value increases in 
t.he same manner till it. becomes almost constant in the small region midway 
between the two disks The curve showing the variation of with z is of 

an oscillatory nature and is symmetrical about z — 0. 

For the non-magnctic case i.c., when 3f — 0, is zero throughout, the 

region between the two disks We, therefore, infer that the magnetic field 
increases the value of in the regions bounded by z (0.45, 1) and z ^ 
(—0-45, —1) while it damps the value off_j{z) in the region z ~ (0.45, —0-45). 

Again from table 1 it is observed that the variation of fy{z) w'itli 2 ; for the 
magnetic and non-magnotic cases is almost the same i.e., the effect of magnetic 
field on the value off\{z) is very small The magnetic field increases and decreases 
the value of fi{z) in the same regions as it does in the case of f^i{z). 
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From the above discussion we infer that when M ~ 1. the effect of magnetic 
Held is to increase the radial velocity in the regions bounded by 2 ; ^ (0.45, 1) 
and ^ (-0-46, —1). while it damps it in the region bounded by (0'45. 
-045). 


Vakiatiqn Or - ^ ,lz) W'Tn z 





Yamation Of With r 



From figures 2 and 3 we obsei've that the pattern of variation of g^i{z) and 
( 7 i(z) with z is almost the same. Ft is seen that the transverse velocity F relative 
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to the disks is always Jiogativo and its amplitude is maximum in the region mid- 
w^ay between the two disks Jt decreases to zero as iiiereases iVom r. — 0 to 
z ^ ±i Jt IS obvious from tlm iwo figures that the effect of magnetjc field is 
to damp the transverse velocity 

Renee we see that, when M - \, l,ho eflect ot magnetic field is similar to 
that found by Khan (1969) when the transverse magnetic field is small 

Again from figure 4 w(^ see that when M -- 10, the effect of magnetic field 
is to damp the radial as well as tJie transverse velocity throughout the region 
between the two disks 

\7a««\uoh 0i Ahb ‘Jy) 'Jnii 

(h lo) 



Hence w^e may conclude that toi small and moderate values of the magnetic 
parameter M . the effect ol“ magnetic field is to increase the radial velocity m the 
region near the two disks, while it damps it in the region midway between the 
two disks Rowcvei’, for large values of A/ the effect ol magnetic field is to damp 
the radial velocity for every region between the two disks. The effect of the 
magnetic field on transverse velocity is to damp it for all values of the magnetic 
parameter M The damping effect, is large for largo values of M and small for 
small values of the magnetic parametei 


Acknowledgbmkni’ 

The authors are highly obliged to Professoi’ Kam Ballabh for his kind help 
and valuable guidance in the preparation of this paper, and to the Council of 
Soiontific and industrial KesesTch, New^ Delhi, for awarding them fellowships. 



056 


M. A. A. Khan and K. B. Srivastava 


Kefeubnoes 

^\na.sli(»ii^ H J. J9/52 An InveMujntion uj thn Perfon/KVicr. oj a Moihjied Teka I'lirbwa : 

M.N Thesis Muchauioal En^inrcruig IJt’parfcmpiii, Cli'oi’gia [tiHl-iUik! ol Technology. 
HioiUier M. C & PuUUiauHcn K 1962 JVo ARL-62-316 Aeronmitiual Kesoarch Labora- 
tory, Wnght-Paitoison Air Force Baae, Ohio. 

('lurk l-t (St Br<jmley L A, 1!»61 Ch^.m, iSngq. Progress 57, 64. 

(ii'iiMBain K .1 <fc Powell .T W Oos Lnbnuiled Pmvings. Buttoi woith, WaHhington , 1) (J. 
(hJibcrtE L An InoGHtigalion of a Turbine wUh n /Suitable Dw . At JS. TJissis. Engi- 

jioemig .Science 1 )ej lartmoii t. Arizona State Onivoi'Bity 
liahiiiger S H. &. Kuhrt L A. lOO.'i Trans, Ser.A, Jour Engg. for Power B5, 2UJ 

Khan JM. A A. 1958 Jour, dc AJcmniqne 7, 675; 1969 ibid 8, No 3. 

Ivi'oith F & Poube J. L. 1965 C.ft Acadeniie (Parts) 260, 5184. 

Poiibo J L & KroiLh F 1960 Jow de Metamque 5, 261 

liice .W. 1963 Trails. AUME, tier. A, Jour. Enyg. Joi Power 95, 191 



Letters to the Editor 


Indian J . Phys . 44, 667-660 (1970), 

Infrared spectrum of dichlorosilicon-phthalocyanine 
By S. C Mathtjb and -Iai Sindu 
Phift^ic-s Depart'! Nimi, fiidinv T'nfditw of Techtiolofjij. 

New Delhi. India 

AND 

A C Kbdpntok 

Georfjc C Marshal Sj^aoe Flight Center 
Hniiisvilli\ Alabanut. U N A 
(Received 7 Jwne. 1971) 

PlithalooyauiaoM ))oloug t.o an important class of organic photo- and semi-con- 
ductors Besides they arc involved in a very important group of biological mole- 
cules, e-lilorophyll and liomoglobin in particular There is extensive literature on 
the infrared spectra, between d,900om“^ and 490 cm of a- and /Sf-polymorphic 
forms of various plitlialocyanines (Gurnovich el al 19911 Sidarov & Kotlyar 
1991) 

Blooi- et al (1994) have pointed out the major difleronces between the spectra 
of metal Ireu and metal jilithalocyaninos. However the spectia of metal phtlialo- 
ovauuKiS arc in general very similar to those of tlie parent. In dichlorosilicon 
phtlialocyanine (HiClaPc) the central metal atom has two chloiine atoms linked to 
it Thus it diffeis from otlier metal idithalocyaiiincs, and ilie situation is quite 
similar to uranyl plillialocyanino [UOoPc|, The purpose of this note is to report 
tlm infrared and far infrared spectra of SiCl J^c and to confirm that in the molecule 
the two clilorine atoms in fact roinam attached to the silicon atom The mateiial 
uudor investigation was prepai cil by heating phthaloniti’ile, totraclilorosiJane and 
and quinoline in a scaled Carius tube for several hours. The crystalline compound 
was isolated from the tars by w^asJiiiig wdth dimethyl foimamide and acetone 
The method yielded good single crystals of dichlorosilicon-phthalocyanine 
Nitrogen analysis ; theoretical 18.33 analysed 18.37. 

The spectra of the SiClaPc prepared as KBr pellets, wert^ recorded from 4,000 
cm“^ to 300 cm"^ on a Porkin Elmer model 521 infrared spectrophotometer, and 
from 300^Jm-i to 100 cm-^ on a Perldn Elmer model 301 E.T.R, Spectrophoto- 
meter. Using the numbering system of Sidorov and Kotlyar (1961) we have 
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liHied v'avi()u« ])aiid,s of SiCl 2 t*c Wc have also iucludecl in these labJes the spcetia 
of CJO^Pe as reported by Bloor a/ (1964) The 1.11, spectrum of dichlorosilieoii- 
pthhalocyaiiiiie is very similar to UOa-JUid metal-phthalo cyanines (Bloor at al 19()4) 
except tliat some of tlie bands are silif^litly shifted in position The notable dif- 
ference fj'oiii metal- plitlialocyanines are the strong bands in diehlorosilicon phthalo- 
eyanine in the 600 cm ^ and 350 em~^ region. The situation seems to arise from 
a shilt in the symmetry of the molecule It is well knov'u (Gurnovieli r/. al 19(53) 



Figuii’ 1 J K iSpool.iuni of du-liloro-silicuu philiiilot’vuniuo 



Figiuo 2 . li’.l R Npi'i-lniui i>f diohloi o-mIkjoii phtluiluoyiiuuio 

tliat in the case of porphyrins one should expect live bauds eorrespoiiding to 
N.H vibrations if the symmetry of the. molecule is bul, only three if the sym- 
metry is il-j/,,. Therelorc, the increase in the number of absorption bands in tin*, 
ease of dichloi osilifuni and uranyl phthalocyanines may be due to departure liom 
D^fi molecular symmetry of metal iihtlialocyaniues. This depai'ture is expected 
towards lowoi symmetry. This seems reasonable if one remembers that the 
spectrum of iSiClaBc and UO^fc are essentially similar to each other and both have 
two extra atoms besides the eontral metal atom. However, with the limited evi- 
dence it is not possible to assign any speific symmetry to the molecule. 

Metal-ligand stretching and bending frequencies are usually few in niimhei, 
and have been a,S8igned below 300 cm" Our sjiectra in the 300 cm -^-100 em~^ 
region is the second reported for any of the phthalocyanine. It shows only tAvo 
clear bands at 122 cm-^ and 180 cin-i. bands at 130 cm-^, 142 cm-^, 240 cm-^ 
and 248 cm~^ are only speculative and cannot be established firmly. Looking 
at the spectra reported by Blooi’ et al (1964) along AAdth those reported here one 
may guess that 122 cm“^ band is a »Si-N band and the one at 180 cm"^ is due to 
Cl-»Si-CI bending frequency 
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Tablu 1 Tnfrarfid bands in cm~' 


riu,nf| 

UO.IV 

S.CM,P, 

jNo 

HJour rf a! 

— 



— 

;i2 

1005 

ino.7 

,*!la 

l.‘)7.T 

:51() 

1 :)20 

1 .'•»2S 

:{ir 

:{0u, 

If) 10 


::()h 

I'lOO 


2 ‘) 

2S 


1 17] 

27ti 


J 12S 

271) 

1 {JO 


.'{7c 

l-loo 


2 « 

];{;{{ 

I .{.‘{2 

2.'> 

21 

i.'lOOvv I< 


2H.1, 

2 ;JI) 

22 a 

22 b 

I2sr) 

I28S 

21 

20 a 

1 1 .^o 

11 ()2 

20 b 

] 12(1 

J120 

19 

IS 

1072 

10S0 


Haorl 

IToaPc 

SiCUl- 

No. 

Bloor pt id 


J 7a 



17b 

io:io 

1000 

10 

1020 


ir> 

050 


1 J 

O.'lO 

012 

i:{ 

000 

MHO 

12 

SOK 


12 


S05 

0 

775 

7SJ 

s 

705 

750 

7 

Til 


(5a 

720 

7:11 

Ob 

7J2 


rj 

701 


'la 

075 


lb 

040 

044 

<lo 

;{ 

020 

575 

2a 


532 

2b 

400 

4f).l 

la 

415 

127 
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Table 2. Far infrared specti 

■a bands 

in cm-’ 

UOaPc, SiCJlaPe 

Bloorr et al 

aOaPc 
Bloor et al 

SiClpPc 

.306 304 

244 

230* 

— IHI* 

- 

180 (Cl-Si- 

278.V 

I64ms 

-- 



147mR 

122 

258 250’^ 




Abbrovjatioiis , s-strong:. ms-niotlomloly stiMnp, 

*TIiosa pOHiks ii.ro vor\'^ woak and cannot bo ronflrmod beyond rioubt.. 


Wo wdsli 1/0 iliaiik llio National Academy t)f Science, National ReHearch 
Cotinoil and NASA George C. Marshall Space Rlighl Centei’ for stipporting 
the .work. Our special thanks arc due to Sara H Corbitto for help in taking the 
l.R. Spectta and to T>\\ T. K. Mookherji hir helpful discussioiw. 
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Indian J.Phys. 44, 660-663, (1970) 


Crystal and molecular structure of p-dimethylamino- 
benzaldehyde hydrobromide 

By j. K. Datta Gupta and N. N, Saha 
Crystallography and Molecular Biology Division, 

Saha Institute of Nuclear Physics, Galcutta-9 
[Received 2 March 1971) 

'/?-Dimeihylaminoboii7.aldeliyde i.s a biologically important 

compound. Among its various biological functions mention may be made of its# 
special role in differentiating between true scarlet fever and serum eruptions. 
The structural analysis of this compound in the form of its different hydrohalides 
and metal complexes has been undertaken by us with an ultimate view to corre- 
late the structural features with biological functions. This short communication 
deals with the crystal structure of jo-dimethylaminobenzaldehyde Jiydrobromide. 

The compound was prepared in oiu- laboratory by treating p-dimethylamino- 
benzaldehyde with 30%HBr. Single crystals were grown by slow evaporation 
of an aqueous solution of this compound between 35°-40‘’C. The crystals thus 
grown are needle shaped, c-axis being parallel to needle axis. As the crystal was 
foimd to be unstable under normal atmospheric condition, it was placed in a sealed 
thin waUed glass capillary while taking X-rav photographs. The crystals belong 
to monoclinic space group P2j/c having unit cell dimensions 

a = 12.66A 
h = IO.20I 
c = 7.42I 

= 90°30' 

Density data [pm — 1.64 gm/oc, pc — 1.69 gm/cc) indicate that there are four for- 
mula units of (CflHiiNOjHBr per unit cell. Multiple-film equi-inolination Weissen- 
barg technique was used to collect three-dimensional intensity data for layers 
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hhO to h1c5 and hOl. The positions of four heavy atoms (bromine) in the unit coll 
weie located from Patterson synthesis projected along c- and &-axes. Three di- 
mensional Fourier s^mthesis was computed with phases of the heavy atom on 
CDO 3600 using the program written by Ulount. A spoke and bead model was 
constructed at this stage satisfying the stereo choinis try 

Refinement was carried out by the full matiix least squares method using iso- 
tropic temperature factors Program used was the modified (Srikantn) one of 



Figure 1. jo-Dimothylaniinohonzaldohvdi' hydrobromide molerule viewed along & -axis. 



Figure 2. Intormolocular ijaoking pro 3 ectod along c*-axis. o' and o" refer to the oxygen atoiui. 
(5f the moleoules above and below the paper respectively. 
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Riisfji^, >biriiJi & Lev^y (J9r»2) A Am ryclas of refinement l)i(Jiight the disore- 

V I I A'’ I ft’ 1 1 

pallet factoi it — viftT ~ ■ dr)wn to O.lfi. Fiirthor refinement was made 

using .inisoti'cpne tein[)eratnrc fact('rs fur the non-liyflrogen atoms and the Jl 
A^^alue ,it tin’s stage was Oil A difference Fonrici synthesis computed at tins 
stage revealed the jmsitions of hydrogen atoms Taking tlie contribution ol hydio- 
geii atoms, the R A’-aliie Avas 0.10. Atomic, parameters and the intramolocular 
liond lengtiis are given in tables 1 and 2, rospectively. The molecnle as vieAved 
down ^v-axis lias been sluywn in figure 1. Ammo nitrogen atom has tetragonal 
emifiguratioii and is bonded to the benzene ring, tAvo mothyl groups and the bro- 
mine atom The bond between the ammo nitrogen and bromine atom is a hydrogen 
bond of tlie type N-H ... Bi', length being 3.13A Least sipiares and best plane 
(ialeiilatioiiB show that the angle betAveon the plane containing dimetliyl gi'onp 


,CH 


•N<^ and the plane of the benzene ring is 01'^’, Avheroas the aldehyde group 


--(k is almost eoplanai with the benzene ring. In a similar structure of Wurstoi ’s 


red bromide (Tanakii vt al 1908) the dimethyl-amino group is jicrfectly coplauai- 
with tlio benzene ring. Tlie inolceuJes are hekl together in space by a number 
of Van dor Waals bonds betAAeeu carbon atoms and oxygen atom ut adjacent 
molecules. Three dimensional packing of the moloeulcs is shoAAm in figure 2 
A paper in details will be published elsewliere shortly. 


Table 1. Atomic Parameters 
a) Fractional co-ordi’naic."? 


Atom 

.. la 

ifib 

zjc 

Bi' 

0 161J3 

0 02263 

0 31768 

() 

0 62371 

0.22132 

0 99876 

N 

0 17272 

0.02105 

0 73868 

C(l) 

0 59546 

0 14497 

0.88826 

(•(2) 

0 48982 

0 11714 

0.86916 

qa) 

0 46969 

0.03156 

0.72883 

V{4) 

0.36603 

—0.00447 

0.08238 

C(6) 

0 27976 

0.05756 

0.78080 

(•(fi) 

0 30310 

0 16014 

0.90431 

(X7) 

0 41073 

0 17619 

0.94685 

m 

0.09388 

0 12191 

0.80171 

C'(9) 

0 15305 

-0 11201 

0.78930 
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{b) A)b%iiotropw tein.peraivre coefficients'^' 
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Aioui 


A.2 

fiaa 



/5.3 

Br 

0,00482 

0 0J012 

0 01088 - 

-0 00057 —0 

00031 ~ 

0 00048 

C) 

0,00604 

0 ,<10928 

0,01968 

-0 00289 0 

00249 - 

0 00131 


0 00064 

0.00169 

0 00769 

0 00048 0 

0001 1 - 

-0 00087 

CXI) 

0 00192 

0 01304 

0 00665 

0 00050 — 0 

00456 

0 04)264 

C(2) 

0 00431 

0 00601 

0 01806 

0 00048 0 

00050 

0 0 0 2 84) 

(J(3) 

0 00206 

0 010S7 

0 01140 

0 00192 0.00096 

0 00900 

C{4) 

0 00604 

0 00719 

0 00843 

-0 00013 0 

00065 

0 00280 

C'(5) 

0 00377 

0 00428 

0 01632 

0 00070 0 

00161 - 

-0,00509 

U(0) 

0 00036 

0 00954 

0 00627 

-0.00149 -0 

041042 - 

-0.00026 

C'(7) 

0 006J] 

0 00902 

0 00610 

0.00039 0 

00462 

0.00310 

C'(«) 

0 00944 

0 00.S8S 

0 05073 

-(» 0038 J --0 

48J033 

0.01191 

(X'J) 

0 (U)S28 

0 01257 

0 01603 

0 00144 0 

00206 

0 00896 

*ln 


-- os\i[ \ 

1 


2/C 7d) 


Table 2, lntrainoieiMilai' bond lengths and bond {ingles 


Build loiiglli (A) 


M<iiid MiigU'.-i 

(di’gi uu.s) 



Hi — N 

3 127 

III — 

i\- ('(5) 

106 



() C(l) 

1 1S4 

111 — 

iN— 1'(«) 

104) 




1 436 

Ml- 

N -C(9) 

106 



N ^r(8) 

1 610 

(■(8) 

N - C!(9) 

114) 



C(9) 

1 . 131 

(X8)- 

-N— C!(5) 

1 12 



(XI)— C’(2) 

1 3SI 

(•(9)- 

-xN- (!(C») 

I LO 



t'(2).~t'(3) 

1 .36.") 

(■(6) 

('(6)' -K 

122 



('(2)— (‘(7) 

1 . 3 1 J 

<X4) 


116 



C'(3)-C(l) 

1 102 

CX4)- 

-C'(5)— ('(6) 

122 



(’(4)-('(6) 

1 370 

(X7)- 

-l'(6)— 416) 

119 



('(6)-’ C'(0) 

1 347 

('(3)- 

-414) 416) 

IM 



CX6)^ ('(7) 

1 420 

(’(2) 

(-17)- 4 141) 

121 





t'(2) 

-(13)— 414) 

126 





U(7) 

-(12)-(X3) 

115 





CXD 

-4X2) 0(3) 

120 





CXI) 

-0(2)-CX7) 

123 





o— 

411)- 0(2) 

121 
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BOOK REVIEWS 


Lectures on Quantum Mechanics 

Rdited by Gordon Baym, Published by W. A. Benjamin, Now York 
Pp xi -1- 594, 1969. 


The present book consisting of a self-contained course in quantum mechanics, 
starting from tin* first principles to elementary relativistic ono-particlc mechanics, 
is suitable mainly at the postgraduate level of the Indian Universities. Thi' 
author, presumes preliminary knowledge of the introductory concepts and basic 
postulates of quantum mechanics which are now-a-days taught at the graduate 
level of many Indian Universities and the book opens directly with a discussion 
on photon polarization to bring out the essential features of superposition and 
properties of qunntum mechanical states. Although suitable^ mainly for the 
postgi-aduate students the book contains a number of advanced topics which 
are probably beyond the present postgraduate curriculum of the Indian Universi- 
ties. The reviewer is particularly happy to note that the topic on second quanti- 
zation which is usually treated in brief in many modern text books has been 
given careful and extensive consideration by the author. The author appears 
to concentrate more on the mathematical methods without using too complicated 
mathematics and the physics of quantum mechanics lias been very skillfully 
demonstrated in the apjilications of the quantum Tnechaiiical methods for tackling 
various problems of atomic, nuclear, solid state and chemical physics. It is here 
and a few other topics where the book probably goes beyond th(i postgraduate 
level of the Indian UnivcTsities. The inclusion of topics like neutral K-mesons, 
Cooper pairs, Brillouin-Wigncr perturbation theory, spin resonance, Clebsh- 
Gordan technique, irreducible tensor operators, syiatially diri^cted obrfials, hydri- 
dization, Lamb shift etc, although extends the standard of the book to an ad- 
vanced level mainly on the application side, will undoubtedly interest the new 
workers in tlu^ field of both theoretical physics and chemistry. 

U. S. G. 
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Solenoid Magnet Design : 

fhe magnetic and rnccftanical ofipeH-s of resistive and superconducti)t-y systems . 

J). Bruce Montgomery, pp. 332, % 13.96, 1969. 

Wiloy-liitersciencc, a division of irolin Wiley & Sons, New York. 

The pn^seiit volume deals with the design of inagiiots involving air core 
coils only. Such coils ai‘e divided into tlirt?e categories, steady state dissipative 
coils, steady state noii-dissipativti (sujierconducting) coils and transient pulse 
field coils. The different relations betwi^tm currtmt and central field for coils 
of various shapes and distributions of currents have been dt^velopc‘d as also the 
relations between ciuTont and otluT basic design parameters like energy, coil 
volume, magneti(j atressc's, cooling roquircmcuits and current density. The 
relations between the central fitdd and fields at all other points have also been 
disGUHsed from the stand point of analysis and synthesis. In addition to the- 
formulae and design (iharts necessary for designing air core magnets, which are 
copiously incorporated in the book, it also includes a discussion of the relative 
importance of the design variables, through formulation, graiibs and examples, 
which will evidently be of much use in jiariicular design. It is obvious from 
above that the book is a highly useful one for designers of air core magnets. 

The author of the book, a v'cllknowu and cxijcrienced worker in the field 
and who has taken great pains in bringing out this volumes should certainly bc'i 
congratulated. 

A. K. I). 


Glass Lasers 

Edited by K. Patok. 
riife Publications, 1970, 217 pages, £ 6.60. 

The book deals with the science of glass lasers. The treatment is balanced, 
clear and free from irrelevant details. Part 1 discusses electronic spectra of free 
and doped rare earth ions, energy transfers, non -radiative transitions, and some 
systematizations regarding structure of glasses. Mathematical deductions have 
been avoided in the discussion of theories, and the basic ideas and deduced results 
have been put in a concise form that will be very handy for experimental spec- 
troBCopists. The results on omission from doped glasses obtained upto 1967 
have been summarized. Part I will be of general interest, wliile Parts 2 and 3 
are meant for those connected with the development of optically-pumped lasers. 
In part 3 the emphasis has been on the theories behind the design of the glass 
laser that might help the research workers in this field. 


M. a 



ERRATA 


Vol. 44, No. 2 p. 129, 2nd para, 3rd lino, read “(Platofl 3-5)” after “respectively”. 
In Oontmis Road “Plate 1” after 2nd article, “Plate 2” after 4th article, “Plates 
4-5” after 6tb artich^. 

Vol. 44, No. 3 p. 212, b(‘neath date of receipt, and also 2nd para, 6th line, n^ad 
“Plate 8" instead r)f “Plate 19”. 

Vol. 44, No. 5, p. 273, 2nd para, 5tli line, read “Plate 9” after “figure 1”. 

Vol. 44, No. 7, 11 . 370, 2nd para, last line, read “10-13” after “Plates” instead of 
‘‘ 10 - 13 ” 

Vol. 44, No. 9, p. 504 under heading, date of receipt, read “Plates 14-15” instciad 
of “12-13”. 

]). 505, 2nd para, 10th line, r(^ad “plate 14” instead of “12”. 
p. 506, last line, read “Platen 15” instead of “13”. 

Contents read “Plates 14-15” instead of “12-13”. 

Vol. 44, No. 11, p. 693, interchang<i^Iocks of Pigs. 5A and 5B. 

Application of Rao's'rule to liquified inert gases, 1970, Indian Journal of Physios, 
44, No. 2, p, 141 hy A. Q,ade('r, M. N. Sharma and A. S. Varma. 

] . Equation (6) ~ P foj’ helium should be road as - - - R 

a a 


2. Equation (6) i.e., 


~ /t for argon should bo road as - - = it 
d d 


3. The value of A for liquid helium is table I is 3.50 and not 2.0724 

4. The value of A for liquid argon in table 1 is 3.50 and not 3.0012 

The reforenee of Bergmann L., 1956, Ultrasonics, IL. has been taken from 
the book, Application of Ultrasonics in Molecular Physics by V. P. Nozdrev (Gor- 
don and Breach 1963) page 225. 


ADDENDUM 

Vibrational transition iirobabilities of the BOa-system, by A. P. Walvekar, Indian 
J. Phys. 1969, 48, 742. 
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